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Wellman Teamwork produces Steel 


at Durgapur ahead of Schedule 


On the 25th April—ahead of the contract date—the first of 
the seven Wellman 200-ton Open Hearth Furnaces was tapped, an 
achievement attributable to the drive and enthusiasm of the Wellman 
team, and marking the commencement of production of steel at the 


Durgapur Steelworks, West Bengal, India. 


The design and construction of this one million tons per annum 
Open Hearth Steel Plant has been executed by Wellman as a Member 


Company of the ISCON Consortium. 


THE WELLMAN SMITH OWEN ENGINEERING CORPORATION LTD. 
PARNELL HOUSE, WILTON ROAD, LONDON, S.W.1 WORKS: DARLASTON, South Staffs, & BELFAST. 





Where there are Steelworks 
Foundries and Mills... 
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and general purpose 
steelworks handling equipment 


General Purpose overhead 
travelling cranes to Steelworks 
and B.1.S.R.A. specifications 


GOLIATH CRANES - DIESEL RAIL CRANES 
HEAVY-LIFT DIESEL RAIL CRANES 
WAGON TURNTABLES AND TRAVERSERS 


COWANS SHELDON 


COWANS SHELDON & CO LTD 
CARLISLE ENGLAND Telephone: CARLISLE 24196-7 


London Office: AFRICA HOUSE KINGSWAY WC2 Tel: Holborn 0268 P4149 
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When flue gases escape into the air they’re gone 

for good, and with them goes the chance of a big 

fuel saving. 

With a Senior Economiser you can use these gases to 
pre-heat the feed water, saving 10—20",, of your fuel, 


increasing the efficiency of your boiler plant, 
cutting the cost of steam. 


Senior Economisers, with their patented H-gilled 

heat exchange tubes, combine maximum effective 
heating surface with minimum resistance to flue gas flow. 
Straight, uniform gas passages, which do not collect 
soot, keep draught losses consistently low and rate 

of heat recovery constant. 

If you have a boiler burning more than 20 tons weekly 
of any type of fuel, you can take advantage of 

Senior Economisers. They are built individually to suit 
your plant, and capital cost is soon repaid in fuel savings 


Why not write for further details ? 


Diagram shows temperature figures 


in a typical installation. 
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SENIOR ECONOMISERS LIMITED 
Northumberland House, 30 06 High Holborn, London, W.C.1 


303-3 
Pel: CHAncery 8173 (8 lines 
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WIDE AS THE WORLD IS. 


There is nothing parochial about the GKN Group of Companies. Its interests reach 


to the four points of the compass: east to Europe, India and Australasia; west to Canada and the 


Americas; north to Scandinavia; south to the farthest tip of Africa. 

If there is one word that links them all it is steel. Steel is not the be-all and 

end-all of GRKN but it is certainly the mainspring of the whole organisation. The making and 
working of steel is something that the great majority of GRN companies, here 

and overseas, have in Common. 

There is much else that they have in common — enterprise, for example, an expansionist outlook, 
and ample scope for skills and abilities of all kinds. 

Anvone looking for opportunity and progress within the GKN Group does not have to go to the 


1" 1 


ends of the earth to find them; but if he does, he will surely come across t] here too. 


THE (2 l N GROUP OF COMPANIES 
T | | 
TONLE 


FOR ANYTHING AND EVERYTHING IN STEEL 


GUEST, KEEN © NETTLEFOLDS, LTD., HEAD OFFICE, LONDO 


June, 1960 





MAN AND MACHINES 


Man perforce has become a designer of 
machines. Machines which will help him 
produce more goods more speedily. After 
he produces faster, he needs more accuracy, 
greater versatility. Especially if he happens : 
to work in metals, in sheets or strips, wires | nS eee 
or tubes. } | } 7 
Robertson’s equipment for reducing steel, 
aluminium and other metals into sheets, 
strips, wires and tubes, has developed 


consistently throughout the last half century 


in advance of man’s requirements. Today, iy a ey A Four-High Single 


Stand Mill with work 


their high quality, precision machinery 9a ee te "aaa 


designed for sustained output is found 1 ie a ee 


throughout the world, wherever men 


are working metals. 


The examples illustrated are from 


the range of Robertson Mills, which | ad! : A ThreeStand Tandem, 
. each stand individually 


are designed for the be oF 4 1 motor driven and 
<= having rolls 6,” dia- 
production of square, ; wanitnie a" Git 
rectangular or flat strip ’ ' = 

from round rod and 

wire in steel and all 

non-ferrous metals 


and alloys. 


A No.2 Tormanco 
Tandem, with rough- 
ing rolls 10” diameter, 
6” face, and finishing 
rolls 8’ diameter, 6” face 


ROBEREPFSON 
WIRE FLATTENING MILLS 


j y 


O. LTD., A FRO, ENGLAND 


LICENSEES FOR THE BUILDING OF SENDZIMIR COLD REDUCTION MILLS & PLANETARY HOT MILLS, HALLDEN 
GUILLOTINE AND ROTARY FLYING SHEAR MACHINES, AND TORRINGTON METAL WORKING MACHINERY. W T 303 
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ity steel castings 
Any applications 
fer certain econ- 
advantages over 
production 
bds. Before final- 
our requirements 
K OF CASTINGS FIRST 
consult Hadfields 
name celebrated for 
els in CARBON—LOW 
OY—STAINLESS— 
NGANESE—WEAR 
SISTING—HEAT = 
SISTING STEELS. ~ 


Tilting cylinder assembly. Weight 18 tons. 


HADFIELDS LTD. « EAST HEGLA 


June, 1960 
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for direct 
reduction of 
iron ore and 
PROCESS subsequent wet 
separation of 
gangue 





Kotary reduction kiln of theR-N 
plant at Birmingham, Alabama. 


R-N Product replaces pig iron as well as scrap 


The R-N Process provides the world’s steel industry with a new steel furnace Representative for Europe: 
feed material from ores of nearly all types by direct reduction utilizing various R-N PROCESS AGENCY 
types of solid, low-cost fuel and surplus gas if available. 


‘ei ; : : ‘ 162, Avenue Louise, 
Ihe wet magnetic separation after reduction removes the ore gangue and 


the concentrate obtained contains usually more than 90”,, Fe as metal, less Brussels. 
than 3",, SiO, and only a smaller part of the phosphorus of the ore. Tel: 48.81.30 
The sulphur content of the concentrate 1s below 0.05 

The concentrate is dried and formed into briquettes. 

The capital cost of an R-N plant is about half that required 

for a blast furnace complex of corresponding size, and the 

production cost for R-N metallic iron briquettes will be 

considerably lower than that for pig iron. 

Low stable price and uniform composition make R-N iron 

an excellent and competitive substitute for scrap. 

The development of the R-N process to a commercial 

process is the result of collaboration between the Republic 

Steel Corporation and the National Lead Company through 

the R-N Corporation, New York. 
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AROUND YOUR WORKS 
CONSULT LODGE-COTTRELL 


THE PIONEERS OF ELECTROSTATIC PRECIPITATION 


Who Design, Build and Supply plants for:- 


BLAST FURNACE GAS CLEANING 

OPEN HEARTH FURNACES 

ELECTRIC ARC FURNACES 

HOT BLAST CUPOLAS 

SINTER STRANDS 

CONVERTORS 

BASIC SLAG CRUSHING & GRINDING PLANTS 
SCARFING MACHINES 


EXPERIENCED TECHNICAL STAFF 1LWAYS 
4VAILABLE FOR CONSULTATION 


Lodge-Cottrell 


LODGE-COTTRELL LTD GEORGE ST PARADE BIRMINGHAM 3 Tel: CEN 7714 «+ LONDON CENtral 5488 


Overseas: Continental Europe: Leon Bailly. ingenieur 
Conseil, Avenue des Sorbiers, Anseremme-Dinant, Beigium 
LODGE-COTTRELL (AUSTRALIA) PTY. LTO 
LODGE-COTTRELL (AFRICA) PTY. LTO. P.O. Box 6070 
JOHANNESBURG 


June, 1960 
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maximum 
efficiency 


and 


trouble-free 


Service 


AND 


BY-PRODUCT 





PLANT 


Ple 


THE COPPEE COMPANY (GREAT BRITAIN) LIMITED 


cs , T prams EVCOPPEE NORPHONE LONDON 
COPPEE HOUSE 140 PICCADILLY eter : 
GLASGOW: 12! DOUGLAS STREET, C.2 


LONDON W.1 Telephone: HYDE PARK 680! NEWCASTLE-ON-TYNE: MANSION HOUSE CHAMBERS. THE CLOSE 
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Trade Mark 


have made their mark! 


With this new mark, we, the Buell Or 


which we have continuously operated 


1 1 


since we were established in the Uni 


yrepa 


, 1 , 
to develop Patents relating to equipment f 1€ 


I 
pulverized coal, but shortly after formation acquired the 


Tongeren” Dust Collection Equipment and “Buttner’ Dr 

our own extensive experience, supported by the continued 

associations, the name of BUELL has become the sym 

eering service in the solution of Industrial Drying and Dust Collecting problems. 
In 1954 as Buell (1952) Limited, we became a subsidiary of Edgar Allen & Co, 
Limited, Shetheld, and recently our name has been shortened to Buell Limited. 


: : 
In the tield of separation and collection of dust we offer complete eq 


TyTy nt 
| pmen 


with the Buell High Etficiency Cyclones fabricated in variou 

tion to meet the particular conditions dictated by the requi 

industries. Buell Drying Plants are well known for their application to the dr 
of a wide range of materials. It is our policy to make a special study of the varie 
problems involved before selecting the design of Buell Dryer to suit the ind 


vidual case. 
1 ‘ 1 19> 1 1 1 } 
Under our new stvle “‘Buell Limited’, we continue to offer the same high standard 


of service in the design, manufacture and erection of Buell Industrial Drying and 


Buell Dust Collecting Equipment based on extensive experience with the hundreds 


of plants now operating to our credit in the United Kingdom and overseas, 


BUELL-VAN TONGEREN BUELL-BUTTNER 
DUST SEPARATORS DRYERS 


BUELL LIMITED 


(a subsidiary of Edgar Allen & Co. Limited) 


THREE ST. JAMES’S SQUARE * LONDON S.W.1 


Telegrams: Allentare Piccy, London. Telephone: Trafalgar 2528 (3 lines) 








STEWARTS AND LLOYDS LTD. -) 
ANNOUNCE THE FORMATION OF THEIR 


PIPEWORK 
ENGINEERING 
DIVISION 


PROVIDING UNDER SEPARATE MANAGEMENT 
A QUICK AND EFFICIENT SERVICE 
TO THE MANY USERS 
OF MANIPULATED PIPEWORK 


In alloy or carbon steel, 
for high or low pressure, 


designed or to customer’s drawings, 


erected on site if required 


FOR FURTHER INFORMATION APPLY TO: 


STEWARTS AND LLOYDS LTD., 
PIPEWORK ENGINEERING DIVISION 


BROAD STREET CHAMBERS 41, OSWALD STREET 
BIRMINGHAM | GLASGOW C.| 


ALL ENQUIRIES FROM THE OIL REFINING AND PETROCHEMICAL 
INDUSTRIES SHOULD CONTINUE TO BE ADDRESSED TO 


= OIL DEPARTMENT, 8 GOUGH SQUARE, FLEET STREET, LONDON, E.C.4 ) 
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Holmes- 
Retroflux 
Bag Filters 


The Holmes-Retroflux Bag Filter is of 

advanced design and offers numerous advantages 
for those applications where high dust 

burdens are encountered and/or dusts of an 
adhesive nature have to be collected. 


A Retroflux Bag Filter installation handling approximately 
95,000 c.f.m. from oxygen lanced steel furnaces, 


Constant low resistance— 
reduced power consumption. 





) Constant volume of extraction. 





Long life filter bags— 
no friction or wear and tear. 





Low maintenance costs— 
no shaking or valve mechanisms. 


Continuous cleaning of entire 
surface area of filter bags. 





Efficiency—in excess of 99% 
for all particles. 


Holmes-Standard Bag Filters 
are also available and are recommended ° 


for less arduous duties. 


For full details write for a copy of Publication No. 82) 24 


W.C. & CO. LTD. 


Gas Cleaning Division Telephones: Huddersfield 5280 
Turnbridge, London: Victoria 9971 
Hudderstield Birmingham: Midland 6830 


June, 1960 





This is the lower half of a 

gas turbine cylinder for 

a 2,500 kW gas turbo-alternator 
now running in a Midland 

steel works, converting the 
heat in waste blast-furnace gas 
into useful work. The provision 
of economical power is 


our business ; and since 


we manufacture most of the 
main equipment for a power 
station such as boilers, turbines, 
alternators, condensers, 

feed heaters, cooling-water 
strainers, we are well 

equipped to design and carry 
through schemes for the 
efficient utilisation of any fuel. 


THE RICHARDSONS WESTGARTH GROUP 


C'0-0 


THE NORTH EASTERN MARINE ENGINEERING ( 
PARSONS MARINE TURBINE C( 


GEORGE LARK (SUNDERLAND) LTD 


1t1eSs of 


RICHARDSONS WESTGARTH (HARTLEPO( Nf 
THE HUMBER GRAVING DOCK & ENGINEERING C¢ 
RICHARDSONS WESTGARTH ATOMIC LTD. 

RICHARDSONS WESTGARTH, INC. 


STRUCTIONS LTD 


RICHARDSONS, WESTGARTH & CO. LTD., WALLSEND, NORTHUMBERLAND, 


Victoria Street, London, S.W.1, 55 


Street, Manchester, and 75 Buchanan Street, Glasgow. 
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13 Blooming and Slabbing Mills 


During the past seven years SCHLOEMANN hove built thir- 
teen blooming and slabbing mills complete with auxiliary 
equipment. Additionally, extensive equipment has been 
supplied to modernize existing mills. In all cases particular 
attention has been paid to robust design, good accessibility 
and easy interchangeability of the rolls and all wearing 
parts, an advantage that is much appreciated where semi- 
skilled labour has to be depended upon. 


DOLLERY & PALMER LTD - 54, Victoria Street LONDON SW 1 . Lydgate Lane SHEFFIELD 10 


dune, 1960 















































RECORD HELD BY THE 


A.B.G. 


AUTOMATIC 
BINDER 


FOR BARS, TUBES, SECTIONS. 


Rolling mills and straighteners are working at a cons- 
tantly increasing speed. How can we handle their out- 
put?... Multiplying the manual binding stands would 
mean more congestion of the workshops, with an 
increase of the accident risks and expenses, BUT... 


THIS OLD PROBLEM HAS BEEN FINALLY 
SOLVED BY THE A.B.G. AUTOMATIC BINDER 


Colca Articulated arms, retractable 
under the work-table, gather the stock, bundle, tie and 
remove it. 


CESTIRATETTEME According to the output to 


be handled, one or a series of machines in line shall 
be used. 


J tone dtongiel @ Vcr Tee elise | he ends of the ties are 


automatically folded back and cannot cause any injury. 


STRENGTH OF THE TIE : A.B.G. binders may use a 


big section wire (0,197 to 0,236 in. diam.) 


ONLY THE A.B.G. AUTOMATIC BINDER 
IS ABLE TO: 


be fed laterally as well as longitudinally 
(figures 4 and 5) 


bundle bars in bulk or stacked steel sections 
(figures 6 and 7) 


work at a speed of up to 1000 ties an hour 


Ask A.B.G. for FURTHER INFORMATION : 


A.B.G.Division Cybermécanique, 3, Imp. Thoréton PARIS XV° 
FRANCE 
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YORKSHIRE 170 #1.P. diesel-hydraulic locomotive 








YORKSHIRE ENGINE 
COMPANY LIMITED 











MEADOW HALL WORKS SHEFFIELD 9 ENGLAND 
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APPLEBY-FRODINGHAM STEEL COMPANY 
SCUNTHORPE « LINCOLNSHIRI 
{ Branch of The United Steel Companies Limited 


June, 1960 





Architects: A. M. Gear & Associates 


These new Sheffield Laboratories for Samuel Fox & Co. Ltd. 
employ a curtain-wall system of glass and stainless steel, 
developed by the architects and manufactured and marketed 
by Crittalls. 

Laminated spandrel panels of }” Asbestolux board are faced 
with 26 gauge “Silver Fox”’ stainless steel, polished to a matt 
finish which keeps down glare and reflectivity. The panels, 


which are rigidly flat, are manufactured by Flexo Plywood 


Industries Ltd. The extrusions forming the structural grid are 
of anodised aluminium, specially treated to resist the heavy 
industrial atmosphere of a steel works. 

The initial cost of using stainless steel is largely offset by 
remarkably low maintenance. Superficial dirt and dust is 
removed by wiping with a wash leather when the windows are 


cleaned. No other maintenance is either desirable or necessary. 

















Thermolite 





back-up wall 


Stub Column 


2 es oe 


--+-+H 
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‘“actorie 
Mmaliysis 
sand control 


boks on iron and steel 


L COMPANIES LIMITED SHEFFIELD ENGLAND 


practical ironmaking 
BY G. D. ELLIOT & J. A. BOND. 280 PAGES. 65 ILLUSTRATIONS 


his explanation of basic principles will be of interest not oniy t lents of ironmaking, but to men who make 


Ih 
Le 


their living in an ironworks. Throughout the book the theorv of 1ronmaking has been presented in a way that can 


be used to assist day-by-day operation 


PRICE GT. BRITAIN: & U.S.A. AND CANADA: $6 POST FREE 


ath , see —f-"-" » he « > 


BY A. JACKSON. 276 PAGES. 83/ILLUSTRATIONS 


A practical guide, based on nearly 35 years experience of open-hearth steelmaking. It traces development 
refractories, furnace firing, and the control of furnaces by the use of instruments. Particular emphasi 
the chemistry of steelmaking reactions. The author urges that oxygen techniques be developed as quicl 
to enable the open hearth furnace to produce controlled quality steel at p1 
other oxyg 


PRICE GT. BRITAIN: £2 U.S.A. AND CANADA: $6 


Fe Sen cnt rai ~2 ee “ : 7 aer 6 ort pes sf oe 
ste’ ict Th re ctl itOriesS 


BY DR. J. H. CHESTERS. 728 PAGES. 274 ILLUSTRATIONS 


his book provides the manufacturer with a detailed survey of the present refractories position, and give 


yasis for future development. The text has been completely rewritten, and is supported with numerous additional 


} 
t 
illustrations and tables. The revised appendices include the new “British Standard Methods of Testing Refractory 


Materials.’ The Refractories Journal said of this book *“‘Destined to be, and deserves to be, a best seller 


PRICE: GT. BRITAIN: £4 U.S.A. AND CANADA $12 POST FREE 
ye ~ = ah ee cook we! a Bee gs ll oe _—— ~ _ § . 
standard methods of analysis 
OF IRON, STEEL AND FERRO-ALLOYS. 176 PAGES. 8 ILLUSTRATIONS 


A section dealing with physico-chemical analysis, together with methods for iron and boron, has been added to this 
new and enlarged edition. Many of the methods described in previous editions have been revised, and some 
replaced. These revisions to the late Dr. T. Swinden’s original work have been carried out by the Central Research 
Laboratories of The United Steel Companies 

PRICE: GT. BRITAIN: 17/6 U.S.A. AND CANADA: $3.50 POSTAGE EXTRA 


Toundry sand control 


BY DR. W. DAVIES. 216 PAGES. 135 ILLUSTRATIONS 


Every foundry sand technologist must look forward to the time when real sand control is exercised to detect 
fluctuations in sand quality before they are serious enough to cause casting ¢ 


efects. This book presents an effective 


| 
1 
synthesis of present knowledge and current opinion, directed towards the better conrro/ of sand properties 


PRICE: GT. BRITAIN 30 U.S.A. $5 POSTAGE EXTRA 


Obtainabie from the Publications Department, Tt od Ste mp: s Limited. P.O. Box 64. The M t Br 


S158 





and scribble out these symbols. No more time or effort is needed to carry out the 
operations for ISOLATION, EARTHING and BUSBAR SELECTION (on duplicate busbar units) of 
"Class “E: 


with pat nted sliding ‘Isolector’ contacts 


the lever-operated “ENGLISH ELECTRIC circuit-breaker 


No withdrawal of truck is necessary. Simply choose the 
function required, insert the lever and operate. The exact state 
of the circuit-breaker is always visible on a mimic diagram, 
whether the door is open or closed. Class *E* air-break 
switchgear is designed for 3-3 kV and 6-6 kV service, with 
current ratings up to 3,000 amps. 


Send for Publication SG 345 to 
The ENGLISH ELECTRIC Company I 


imited, Switchgear Department, 
Last Lancashire Road, Liverpool, 10 





switchgear 


The 


NGI 


ISH 


I 


( 


TRI¢ 


( 


OMPANY 


IMITED, 


MAR< 


ONI 


Hot 


SE, 


STRAND, Lonpon, W.C.2 


BRADFORD IVERPO l 
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2 High Reversing Slabbing Mill 
Roll dimensions: 47 dia. x 118 
barrel length. 

Drive: 2 x 6000 H.P. 
The second built for Yawata Iron 
and Steel Co., Japan, since 1957, by 


MASCHINENFABRIK SACK 
G.m.b.H. DUSSELDORF-RATH 
W. GERMANY 


Designers and Builders of Rolling Mills. 
Representatives for Great Britain and Ireland 
D.M.M. (Machinery) Ltd., 


Universal House, 60 Buckingham Palace Road 


London, $S.W.!. Telephone: SLOane 070! 








B-0-A-C ) takes good care of you 


) 


—with ILFORD Industrial B X-ray film 


High among the priorities of BOAC is safety. Behind the scenes at London 
Airport is some of the world’s finest equipment, operated by highly trained 
personnel to ensure the reliability of every detail that contributes to safe 
operation. 

Where even the smallest foreign particle may imperil life, nothing is | 
chance. Complex units, such as engine oi] coolers ich cannot be dis- 
mantled for inspection, are therefore radiographically examined to detect 
accumulations of sludge, metal debris, and carbon particles which would 
spell danger if they circulated in the engine lubrication system. 
For this examination, British Overseas Airways Corporation 


relies on 
ILFORD Industrial B X-ray film. Ilford has a reputation for reliability. 
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Taper Threaded 
Graphite Electrodes 


... from 3” to 24” in diameter are now available 


from stock at the Anglo Great Lakes Corporation 
Ltd. plant, Newcastle upon Tyne. 

With tapered threads, the electrode socket is easier 

to clean before use . . . the joint makes up faster 
as fewer turns are needed . . . and the joint can be 
made much stronger. 

The electrodes and corresponding taper threaded 
nipples, are available with a threading of 4 threads 
per inch in all sizes and 3 threads per inch in sizes 


9” up to and including 20” diameter. Your inquiry 


is cordially invited. 


GREAT LAKES CARBON 
INTERNATIONAL LTD. 


140 Park Lane, London, W.1., England. 
Telephone : Mayfair 5132 

Solk Repre se? 

AngloGr 


and Great 





Truly through its electrodes an arc furnace draws its breath 
of electric power. On the high quality and dependability of 
these lungs rest so much the burden of ensuring the smooth 
efficiency and economy of the arc furnace as a steel-melting 
unit. The excellent properties of ‘Acheson’ graphite 


electrodes are a sure guarantee of first-rate performance 


TGF ae 
we we 


TRADE MARK 


GRAPHITE ELECTRODES 


BRITISH ACHESON ELECTRODES LIMITED - WINCOBANK -: SHEFFIELD PHONE: ROTHERHAM 4836 
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For DURGAPUR;., 


SEMI-SILIGA BRIGKS 


were chosen by THE WELLMAN SMITH 


OWEN ENGINEERING CORPORATION LTD 


for lining their Soaking Pits at Durgapur 


fi ¢ 


' ee ' sg, E , £ ee ae F ~ .F 
; : 4 § % ‘ pete & 4 . 2 men : 
Fa Ewe EEE he ae as i . react &@ _ ae ; 


A MEMBER OF THE STEETLEY ORGANIZATION 
WIRKSWORTH, DERBY 
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Soaking Pit 
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Charging 
Machines 
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Fifteenth 

carving of as 7 

in St. Cuthbert’s Chur 

Photograph by Ruth Meyler & F.C. S 


In the early daysof the industrial revolution manufacturers 
frequently looked for familiar and easily recognisable 
descriptions of their products. To the countryman 
transplanted into industrial surroundings nothing was 
more familiar than a pig; a fact which is emphasised by 
carvings in scores of old churches depicting pigs suckling 
their litter, rooting for acorns and playing the bagpipes. 
(Apparently this last pastime was forsworn by pigs many 
years ago because of unpleasant associations between 


WARNER 


bagpipes and pigs bladders.) Consequently, when iron 
from Blast Furnaces was directed into long troughs and 
from there into short and narrow troughs placed at right 
angles, a resemblance to sows suckling their appendaged 
litter led to the description of pig iron’ 

This series of advertisements illustrates some of the 
‘ecclesiatical’ pigs and emphasises the 50,000,000 ‘special’ 
pigs which Warner and Company have supplied to Iron 
Foundries producing High Duty Castings. 


WARNER . WARNER 


MIDDLESBROUGH 


WARNER & CO. LTD., 
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From experience Gibbons “H.T 1’’ insulating refractory is the 


automatic choice of leading furnace manufacturers and users — its 
combination of low thermal conductivity with resistance to high 
temperatures has proved remarkably effective in minimising heat 
losses and raising furnace outputs. The Gibbons ‘‘H.T 1”’ is developed 
from more than 20 years’ experience in 
the manufacture of insulating refractories 
and today an entirely new and original 
manufacturing technique enables us to 


offer material having unique physical 


properties at a price you can afford to pay. INSULATING REFRACTORIES 


Refractory Insulating Concrete - Concrete Aggregates - Super-Plastic Jointing Cements - Surface Coating Cements 
Gibbons (Dudley) Ltd., Dibdale Works, Dudley, Worcs. Telephone: 55141 
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continuous bright annealing 


INCREASE PRODUCTION AND QUALITY 
LOWER MAINTENANCE AND OPERATING 


COSTS, OUTPUT UP TO 5 TONS PER 
HOUR, GAS OR ELECTRICALLY HEATED 








SOLE LICENSEES 


THE INTERNATIONAL CONSTRUCTION CO., LTD 


56 KINGSWAY « LONDON W.C.2 





TEXOLEX 


ROLLING MIL 
ARINGS 











Long life * Low friction 

Corrosion resistant * Water cooled 
Improved surface condition of roll neck 
Technical information for new or 


existing mills supplied on request. 


/f a 
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TELEPHONE HEBBURN 83-2241 e 
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THE BUSHING COMPANY LTD. HEBBURN ON TYNE 


TELEGRAMS BUSHING HEBBURN 
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No. 5 BLAST FURNACE AND GAS CLEANING PLANT 
AT THE STEEL COMPANY OF WALES LTD. 
INSTRUMENTS AND CONTROLS 
SUPPLIED AND INSTALLED BY 





REAVELL & co. LTD. Reavell-Askania Regulators Instrument 


Panels. Complete Instrument and Control 
Schemes designed, installed & commissioned. 


REAVELL-FAHIE LTD Project seudies and reports 
“ * 











RANELAGH WORKS IPSWICH. 








Greater safety for hands 
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TRIUMPHS OF SHELL RESEARCH 


With new Shell Dromus Oils 


Most modern soluble cutting oils contain phenolic 
compounds used as coupling agents between the 
oil and the emulsifier, for better blending and 
easier mixing. These phenolic compounds can 
cause skin irritation, especially where modern 
high-speed machines are used and the emulsion 
can concentrate, through the evaporation of water, 
above the safety level. 

Shell research chemists have been working on 
this problem, which has been causing some con- 
cern to Management. After considerable research, 
Shell Dromus Oils have been reformulated and 
these new cutting oils now produce bland emul- 
sions, Which considerably reduce the risk of skin 
trouble to operators. 

The real difficulty was to finda new couplingagent 
to replace the phenolic compounds, and Shell finally 
used what their chemists know as a higher fatty 


The Research Story 


Shell chemists in the U.K., in Holland and in the 


alcoholcomplex. Thissolved ove problem, but pres- 
ented another. The new coupling agent was volatile 
at the high temperatures normally used in blending 
processes. Further research found a solution to this 
problem by designing and installing new plant 

Phe new Dromus Oils are every bit as efficient as 
before and cost no more. They put Management 
in the welcome position of being able to minimise 
working hazards at noextracost. And machine men 
need no longer be so worried about skin troubles 

[he moral of the story is that Shell research is 
supremely applicational. The centre at Thornton 
is always ready to work with even the most 
specialised sectors of industry to produce the 
right oil for the job. If you and your organisation 
have any mayor lubricating problems, it pays to 
get in touch with your local supplier of Shell 
Industrial Lubricants. 


U.S.A., prepared 


and examined hundreds of experimental soluble oils, and established 


that certain combinations of fatty alcohols could be used in place of 


phenolic compounds with no loss of efficiency 


They set to work to 
discover the best combination and developed a hig 


} 


her fattv alcohol 


complex which fitted exactly. Then they realised that to blend this new 


coupling agent into soluble oils would require special plant and new 


blending techniques. 


Exhaustive testing of blend stability, emulsion. stability, anti- 


corrosion and machining properties led to selection of the most 


promising blends. A pilot plant was set up to produce batches ot 


} 
these for use in field trials 


This field testing and final development proceeded for two years 


whilst production plants were erected at points so chosen as to give the 


most economical and rapid delivery throughout the United Kingdom 


new €) 


DROMUS SOLUBLE CUTTING OILS 


another proof of Shell leadership in lubrication 





i a 
DURGAPUR 


Re 
SHOP ASSEMBLY OF 800 TON HOT METAL MIXERS 


Newton Chambers, under contract to Wellman, 
Smith Owen Engineering Corporation Limited, 
have supplied the following equipment for the 


Indian Iron and Steel Works at Durgapur. 


BOGIE TYPE INGOT CASTING CARS WITH ALL WELDED BODY 


* 9O Ingot Casting Cars. 
65 Charging Box Bogies. 
* 260 Charging Boxes. 


* 2 x 800 ton capacity Hot 
Metal Mixers. 


* Structural steel work for 
6 x 150 ton Ladle Cranes. 


Che orders were completed well ahead of schedule. 


CHARGING BOX BOGIES COMPLETE WITH CHARGING BOXES 


NEWTON CHAMBERS 


ENGINEERING DIVISION - THORNCLIFFE - SHEFFIELD 








New up-to-date DATA on 
FURNAGE & STOVE INSULATION 


This new Data Sheet gives the factors required to 
calculate the savings in heat obtainable with Therbloc 
mineral wool insulation used either by itself or as a 
backing to refractories or insulating brick. Graphs of “K 
values and practical examples are included 


eeeeenmeneneni & 


TO STILLITE PRODUCTS LTD., 15 WHITEHALL, LONDON S.W.1 
Please send Therbloc Data Leaflet No. 5 60 


NAME 
ADDRESS 


STILLITE PRODUCTS LIMITED 


1S Whitehall, London S.W.!1 WHitehall 0922-7 
231 St. Vincent St., Glasgow, C.2 Tel: CENetral 4292 


Just attach this coupon to your letterhead 


June, 1960 








GRIFFIN BRAND 


STEEL SHEETS 


* Light and Heavy industry are served 
by GRIFFIN BRAND Steel Sheets 
Black, Galvanised, Flat and Corrugated 











*& We make the widest Steel Sheets and 
have the largest general Galvanizing 
Plant in Great Britain. 





*k Metal Spraying by the most up-to-date 
methods done in our works or ‘‘in situ’’. 


Metals deposited include: Zinc, Tin, 
Aluminium, Copper, and all its alloys, 
Cadmium, Monel Metal, etc. 








Smith and McLean Lid. 


179 WEST GEORGE STREET, 


GLASGOW, C.2 
Tel.: CENtral 0442 'Grams: CIVILITY, Glasgow 
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Silicones strengthen the weak link 

in all forms of electrical equipment—its insulation 
Write to the nearest branch of Midland 

Silicones for the names of rewinder 


experienced in the use of silicone insulation 


MIDLAND SILICONES LTD 


ite It 1 Ltd. and D Corning 
first in British Silicones 


68 KNIGHTSBRIDGE - LONDON - SW1 - TELEPHONE: KNIGHTSBRIDGE 
Area Sales Office Birmingham, Glasg Leeds, London, Ma 





BROWN BAYLEY 
STEELS LIMITED 
SHEFFIELD 


BAYLEYS 
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Complete Plant 
for extracting and collecting 


Blown Processes 


7 


2 MICRON 
J 








COLLECTED 


BY 


Sfpievent 


LECTROSTATIC PRECIPITATORS 





For particulars of Sturtevant Electrostatic cat 


Precipitators write for our publication $7009. 


STURTEVANT ENGINEERING CO. LTD., SOUTHERN HOUSE, CANNON STREET, LONDON, E.C.4 CLEAN AIR 


AUSTRALIA RTEVANT ENGINEERIN C AUSTRALASIA) LTD. 40¢ EX STREET, SYONEY 





HEATING FURNACES 


OF ALL TYPES 


ANNEALING FURNACES 
OTHER SPECIALITIES 
MORGAN GAS MACHINES @ SOAKING 
REHEATING FURNACES PITS (ISLEY CONTROLLED) @ HOT 
METAL MIXER CARS s TYPHOON 
FORGE rue eA Ce Ss ROTARY FLAME GAS BURNERS @ MILL 
FURNACES @ MORGAN AIRJECTORS 


NASSHEUER CONTINUOUS BRIGHT AN 
WIRE AND STRIP FURNACES NEALING FURNACES (SOLE LICENSEES 


CONSULTATIONS AND REPORTS 


THE INTERNATIONAL CONSTRUCTION CO. LTD. 
56 KINGSWAY - LONDON -: W.C.2 


ve: HOLBORN 1871-2 Grams: SAHLIN, WESTCENT, 2 LONDON 
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and performance that 
no oil on the market 


today can equal 


Mobil D.T.E. Oils give 
you the following 
advantages: 


LONGER OIL LIFE 


QUICK SEPARATION 
FROM WATER 


FREEDOM FROM 
DEPOSITS 


PROTECTION AGAINST 
RUST AND CORROSION 


LESS WEAR 


HIGH TEMPERATURE 
STABILITY 





Mobil D.T.E. Oils 
to reduce 
maintenance 
costs and 
increase 
production 





ASK THE MAN 
FROM MOBIL ABOUT 
BALANCED OILS 








ECONOMY, SERVICE 





4 2 





Control gear 
planned precisely 


for every industry and every purpose 


AEI offers tailor-made control gear* for every industrial 
application, and provides a complete engineering advisory service. 


*and motors too 


Write for further information to : 


Associated Electrical Industries Limited 


Motor and Control Gear Division 
RUGBY & MANCHESTER, ENGLAND 





INCORPORATING THE MOTOR AND CONTROL GEAR INTERESTS OF BTH AND M-V 09 


AS482 
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Platinum in the Glass Indust 


Hin be i'r 


Johnson 4% Matthey 


Sole refiners of platinum metals from the 
world’s largest producer, Rustenburg 
Platinum Mines. 


The Manufacture of Fiber (taxes 


One of the articles to be found in the current issue of Platinum Metals 
Review — “Platinum in the Glass Industry” — will be of interest not only 
to those engaged in the glass industry but to anyone wishing to keep 
abreast of modern production techniques 

Important industrial applications of platinum are featured quarterly in 
Platinum Metals Review, which is free on request. May we add your 


name to our mailing list? 


Also in the April issue of Platinum Metals Review: 
he Principles of the Solion - Bright Platinum Plating - Increasing the 
Resistance of Titanium to Non-Oxidising Acids - Rhodium Plated Uni- 


selectors - The Pallador Thermocouple - Abstracts and New Patents 


JOHNSON, MATTHEY & CO., LIMITED, 73-83 HATTON GARDEN, LONDON, E.C.I Telephone: Holborn 6989 


Vittoria Street, Birmingham 


75-79 Eyre Street, Sheffield | 


c 3 





A BUSY TECHNICAL MAN 
can stillkeep UP-TO-DATE . 


Poo much to read ind too little time? The iswer lies mn 


THE NICKEL BULLETIN, proved friend « 
thirtv-odd years. This invaluable month] 


| 
ft mans DUS 
journal COVES, 


tract form, new research, new processes, new 
ials in every industrial field. Its contents 


are drawn from learned societies’ and official 
, 


Pp ibhications and the technical press all 


vorld. Full details of origina 


I 


Save time by readin: 


THE NICKEL BULLETIN 


each mor 


Write now for a copy of THE NICKEL BULLETIN 


pP 
PHE NICKEL BULLETIN 


THE MOND NICKEL COMPANY LIMITED 


TANG t | 
I - 





Viob0 


KEEP YOU 
COOL 
AND 
CALM 


VISCO equipment is designed 

to help vou make the most of raw 
naterials, natural resources and 
nanpower. Save money by 


consulting VISCO 


Ventilation 


VISCO Ventilating and Au 


Conditioning Plant 1s specially designed 


lor the varving requirements OF a 


branches of Industry 


‘Sprayblast’ Coolin 
VISCO ‘Sprayblast’ Oil Coolers to 


re-cooling quenching Ol used 1 


continuous or Datch operations 


Cooling 


VISCO design and supply Wate: 
C oolers Of many types including natur 
and torced draught, direct and 


recirculating systems 


VISCO ENGINEERING CO. LTD. 
Stafford Road, CROYDON 
Croydon 4181 
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Specialist Engineers to Industry 





AERIAL VIEW OF THE UNLOADING WHARF —Photograph b 


WIRE RODS 


IN ALL QUALITIES OTHER 
PRODUCTS 


= BASIC PIG IRON 
A : FERRO-MANGANESE 
TUBE STEEL 


‘CHANNELS TEES com 


SASH AND GLAZING 
SECTIONS 


HAMMER-LOCK 
STRUTS 


FLATS pet 
BALING HOOPS 
CABLE TAPE 


COKE OVEN 
BY-PRODUCTS 


IRON, STEEL 
AND NON-FERROUS 


LANCASHIRE STEEL MANUFACTURING COMPANY LIMITED | ooooice cscs 


KERBS ETC 
(HEAD OFFICE:) 


Telephone WARRINGTON Telegrams _— 
LSM 








31222 LANCASTEEL 
WORKS: IRLAM & WARRINGTON 


KINNAIRD HOUSE, PALL MALL EAST, S.W.I - Telept WHITEHALL 7515 - Telegrams: LANCASTEEL, LESQUARE, LONDON 
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can you 
afford 
your 
centrally 
heated 


gh he bee ‘cldimney2 ? wall 


With rising production costs it’s hardly likely. The people to see are 


Spencer-Bonecourt-Clarkson who for over forty years have been experts in 
waste heat recovery for steam raising in a wide range of industries. In addit 

to fire-tube boilers, S-B-C now also supply water-tube boilers 

The vigorous approach of S-B-C technicians leads them into many fields of 
enquiry. They are experts on latent cooling techniques as applied to door frames 
and other parts of open hearth furnaces, and to the skids of reheating furnaces 
Keeping abreast of the latest developments in the Steel and other industries 

a team of S-B-C engineers recently toured Germany and other continental 
countries to inspect the newest techniques. 

S-B-C are the people best equipped to advise you and to act for you in the 
recovery of waste heat. Write or ‘phone today — time spent now can save you 
pounds for years to come. 


SPENCER-BONECOURT-CLARKSON LTD Leaders in Waste Heat Recovery 


A subsidiary company of Babcock & Wi/cox Ltd 
28 EASTON STREET - LONDON - W.C.1 ° Telephone: Terminus 7466 


eee le | 
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260 B.H.P. Diesel Mechanical Locomotive 
for the South Durham Steel & Iron Co. Ltd. 


Incorporating National Diesel Engine, Scoop Control 


Fluid Coupling, S.S.S. 3-speed Powerflow Gear Box. 


HUDSWELL, CLARKE 


AND COMPAN Y LIMITED 


1860-1960 100 years of Locomotive Building 


DESIGNERS AND BUILDERS OF STEAM, DIESEL MECHANICAL, 
DIESEL ELECTRIC, ELECTRIC AND BATTERY LOCOMOTIVES FOR ALL PURPOSES 


Locomotive Engineers, Railway Foundry, Leeds, 10 
Telephone: 34771 (6 lines) Cables: Loco, Leeds 


4 


London Office: 14 Howick Place, Victoria Street, $.W.| (Telephone: ViCtoria 6786) 


Telegrams: Hudclar, Sowest, London. Cables: Hudclar, London. 
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Apply Directly Over Sound Rusted Surfaces! 


Brush or Spray Rust-Oleum 769 Damp-Proof Red Primer Right 
Over Sound Rusted Surface. 


Save costly metal replacement, and beautify as you protect, 
with famous Rust-Oleum made in United States of America 
If the surface is rusty — apply Rust-Oleum 769 Damp-Proof 
Red Primer right over the sound rusted metal — after scrap 
ng and wirebrushing the rust scale and loose rust away. The 
specially-processed fish oil vehicle penetrates rust to bare 
metal — driving out air and moisture. It dries to a tough, 
firm, decorative finish that lasts and lasts. Proved throughout 
American industry for over 35 years. You save costly metal 
— and you save costly surface preparations as sandblasting 


and chemical cleaning solutions are usually eliminated. 


Rust-Oleum soves rusty tanks, metal sash, metal fences 


Beautify As You Protect With Rust-Oleum's Wide Variety 
Of Colorful Finish Coatings. 

Rust-Oleum finish coatings are available in Red, White, 
Green, Black, Aluminum, Yellow and many 
Rust-Oleum 769 Damp-Proof 


Red Primer — they provide the 


Gray, Blue 
other colors. Used over the 
maximum in lasting beauty 
on tanks, pipes, towers, girders, equipment, machinery, stacks, 


} 


metal fences, sash, boilers, and other rustable metal. The 


Rust-Oleum distributor listed below maintains complete 
Rust-Oleum stocks for pron pt delivery to you. He welcomes 
the opportunity to tell you about Rust-Oleum and will be 
happy to provide you with a con - u leum Color 
Catalog and a free test sample. Ask hi onstration 


your own rusty metal 


fire escopes, boilers, pipes and fittings, equipment, etc 


Proved for over 35 years and manufactured in accordance with the famous RUST-OLEUM exclusive formula in the United Stotes of Americo by 


RUST-OLEUM CORPORATION 


2718 Oakton Street - P.O. Box 32 - Evanston, Illinois, U.S.A. 


Also processed in The Netherlands, in 


the famous, original and exclusive Rust-Oleum formulations by 


RUST-OLEUM (NEDERLAND) N.V. 


Paul Krugerkade 10, P.O. Box 602, Haarlem, The Netherlands 


MESSRS. STEDALL & CO. LTD. 


192 204 Pentonville Road, London, N.| 


exact accordance 


FOR A COMPLETE CATALOG AND FREE 
TEST SAMPLE ATTACH COUPON TO 
YOUR LETTERHEAD AND MAIL TO 
RUST-OLEUM DISTRIBUTOR SHOWN 
AT LEFT! 


h ent 


n demonstration 


| 


olor desired in FREE TEST SAMPLE 
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Circular, rectangular and 
bi-polar magnets are part 

of the wide range of 

ey Cslein @kemaat-foselsie-mest-felcm ony 
The General Electric Co. Ltd. 
Please ask for Technical 


-_ | Descriptions Nos. 315 & 379. 


ay 
Witton-Kramer lifting magnets 
THE GENERAL ELECTRIC COMPANY LIMITED, 
MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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x 
~*~ Control Gear *x 
x 


for 


Steelworks Plant 


The photograph shows a 2,300 H.P. 600 volts 
D.C. Shunt (Stability Compounded) motor 
control panel incorporating a motorised 
preset shunt field regulator, ‘inch forward’, 
‘inch reverse’ features and emergency 
sustained dynamic braking for a ‘‘Cross 


Country’’ steel rod mill, 


May we have your enquiries for steel 


works automatic control gear? 


ee Siler Sie 


CONTACTOR SWITCHGEAR LTD. 


BLAKENHALL - WOLVERHAMPTON ENGLAND 
Telephone : Wolverhampton 2591 1/7 Telegrams : TACTORGEAR Wolverhampton 








BOGIE TYPE 
REHEATING FURNACE 


FOR LARGE INGOTS 


Che above is one of a pair of Furnaces installed at the 
River Don Works of The English Steel Corporation 
Limited, Sheffield, for re-heating a standard load of 


] 


ix 13 ton stainless steel ingots to rolling temperature. 


Reversing type with multi-pass regenerators built 
ibove floor level and all auxiliary equipment located 


hind the Furnaces 


The last word in PRIEST FURNACES LIMITED : LONGLANDS - 


Furnace design also at KELHAM |SLAND WORKS SHEFFIELD 
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nstruction 
Open Hearth Furnace 
Soaking Pits of all 
Continuous M 


Continuous Bogi 
and Slab Heatir 
Furnaces for A nl 
ting, Coil Annealing 
Re-heating. 

Forge and Heat 
Furnaces. 

Stress Relieving Furnace 
Shipyard Plate and Bar | 
naces 


Modern Lime Burning Kila 


MIDDLESBROUGH 


3 F143 
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» 2500 TONS DOUBLE ACTION PRESS 
1000 TONS SINGLE ACTION PRES 


= 
’ 





er Fd 


THE Teja" ENGINEERING COMPANY LTD 
“* BOURNEMOUTH ENGLAND 





arn forge Furnaces 


FIRED BY FUEL OIL, 
PRODUCER GAS OR CITY GAS 


[he increased demands for accurate repetition of heating conditions 
is ensured by automatic control of 
furnace atmosphere, temperature and pressure. 
These city gas fired furnaces 
were recently installed at 
the Works of C. Meadows 
& Co. Ltd., Sheffield. 


wVINCOTT | fy YFURNACES | 


G.P. WINCOT LIMIT ONG / @HEFFIELO EN 
» WINCOTE, SHEFFIELD. iY oh ephene: 2021/3 sieataaine 
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1 fine George Il saucehoat 
th eagle-head scroll handle 


circa 1764 


Something special... 


. results from craftsmanship and the pride of creative work. 
Here at Consett we are proud of our past achievements in 
the production of mild steel and in our growing reputation 
for the development of special quality steels for particular applications, 
We have recently produced a most interesting and informative 
booklet—" Steels for the job” which we think 
you should read. May we send you a copy? 


— 


CONSETT 


@ | CONSETT IRON CO. LTD. 


CONSETT - COUNTY DURHAM 





Telephone: Consett 341 (i2lines) Telegrams: Steel Phone Consett 


Our Technical and Research Department will also welcome enquiries from any whose problem is .. . . STEEL 





Flying Shears 


Designed by the Engineering Department of Guest, 
Keen & Nettlefolds (South Wales) Ltd., and made by 
B. Thornton Ltd., Turnbridge, Huddersfield. 

We design and manufacture: 

Equipment for Coke Ovens, Blast Furnaces and 
Open Hearth Plant. Rolling Mills for the Ferrous 
and Non-Ferrous Industries and Rolling Mill 
auxiliaries. Plate work. 

Bogies of all kinds for carrying light or heavy loads. 
General Engineering work of various kinds. 

We shall be glad to quote against your 

requirements and specifications. 


Thornton 


and Contractors 





B. THORNTON LIMITED 


Turnbridge, Huddersfield. Phone. Huddersfield 7541 
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FOSTER-BISRA 7 


Surface Temperature 
Optical Pyrometer 


DEVELOPED BY BISRA 
MADE BY FOSTER 
PATENT No. 824683 


“FOSTER-BISRA’ 


mperatu 


and accurate method 
of measuring the surface temperature of metal 


ingots permitting easy application of the formula 


j developed by Sarjant and Hartree. 


The FOSTER-BISRA surface temperature 


pyrometet 
has been designed to give a quick and accurate means of measurement ov 


the range of 700 1300 C. whatever the emissivity of the ingot surface 


It comprises a reflecting hemisphere and optical system incorporated in ai 
extension tube of a disappearing-filament optical pyrometer focussed on 


aperture in the hemisphere. During measurement, the hemisphere head ts 


inserted in the furnace in contact with the ingot 


Surface Due to the high 


reflectivity of the hemisphere’s surface, “black body” conditions are simulated 


on the ingot surface at the point of measurement. The effect of scale or 


the surface under examination ts unimportant and the instrument does 1 
need water cooling or air purging so that direct measurement of the 
metal surface temperature by a light, portable, quick reading instrun 


is thus made possible 


For full details contact: 


a4 


FOSTER GOLDEN JUBILEE YEAR 1960 


LAN] 


FOSTER INSTRUMENT CO. LTD., LETCHWORTH, HERTS., ENGLAND 





ARBLOX, 


ONE OF THE 
WORLD’S 
LARGEST 
MANUFACTURERS 


< 


™~ 


BLAST FURNACE 


CARBON... 


@ Greater resistance to attack of iron 
and slag than any other refractory 


@ Low after-contraction and increased 


cooling efficiency has supplied almost 


@ No deformation under a load of oe 
» tons the square inch at 
er 200 Blast Furnace Linings 


@ Cold crushing strength about four 


times that of an ordinary firebrick throughout the world 


CARBLOX LIMITED 
now offer the TEMCO 
pattern chequer brick 
manufactured by our 
parent company, Thomas 
Marshal! & Co, (Loxley 

4 \ j itd. This new brick 
ee | has an effective brick 

for the WELL-WALL, BOSH AND HEARTH Pr >, mass of 99°%—much 
\ higher than any other 


CARBLOX LIMITED, STORRS BRIDGE WORKS, LOXLEY ED * ee ae eee 
Near SHEFFIELD. Telephone SHEFFIELD 343844 (5 lines ee 


of the MARSHALL REFRACTORIES GROUP of Companies 
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The Joseph Adamson Waste Heat Boiler is designed 


to make efficient use of the waste gases leaving open- 


£ 
hearth furnaces, reheating furnaces, soaking pits, gas 
retorts, etc. 

The straight-through fire tubes have a high ratio of 
length to bore, giving about 90% tube efficiency and 
providing a large area of heating surface in a compara- 
tively small space. Brickwork setting is not required 
and air infiltration is thus avoided. 

A feature of Joseph Adamson Waste Heat Boilers 
is that a special cleaning device can be provided in the 
outlet chamber to allow the tubes to be cleaned while 


the boiler is at work. 


JOSEPH ADAMSON & CO. LTD. 


0.80% 4- HYDE: CHESHEUR E 


in association with 
Adamson Alliance Co. Ltd., 165 Fenchurch St., London, E.C.3 
The Horsehay Company Ltd., Wellington, Shropshire 


THE ADAMS ON GROUP 





A brick designed 


ome re medals job perfectly 


This is the M.R.2 Blast Furnace refractory —a very at normal Blast Furnace operating temperatures 


it 1s 


special brick indeed. It was developed for one This is a brick with a narrow market, but 
application—the lining of Blast Furnaces operating ypical of the way the Chemists, Physicists and 
on lean ores- with 100°, sinter—and driven hard. Engineers at Neston look upon the making of 
M.R.2 is an extremely hard, low porosity re- refractories —as a branch of precise chemical 
fractory to enable it to resist the abrasive effect engineering. Amongst the other things they make 
of the sinter. It is completely unaffected by with equal care are M.R.1 and M.R.60 bricks and 
carbon monoxide and is manufactured from special shapes; low-heat storage insulating refrac- 
very carefully selected raw materials prepared tories M.I.28, and the whole range of Tri-Mo1 
and moulded under the most stringent control Mouldables and Castables for Monolithic linings 
with a final kilning at temperatures of the order which are having such a profound effe 


f 1600 C to ensure complete volume sta tv classes of furnace design. 


MORGAN 


efractories Ltd 


NESTON WIRRAL CHESHIRI - TELEPHON! NESTON 
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‘*Who can simplify this equation ?”’ 
“Qh sir, please sir, me sir. You can say 
‘Willans = Special Steels’.” 

‘**Correct, Fishberry. Explain.”’ 
‘Well sir, air melting electric furnaces plus high 
vacuum melting equipment plus lots and lots of 


metallurgical control equals special steels at 250 


tons per month, all to the power of Willans. Isn't 
that right sir?” 


‘Absolutely right, boy. Go to the top of the class.”’ 


“Oh sir! Thank you sir. Same as Willans are sir.” 


Willans in a nutshell 


G. L. WILLAN LTD. 


| ck, Steel and Alloy Manufacturers 
YaTS Standards or to your o 

specification. Delivery ?— quick 

Quality ?—excellent. A.I.D., SUSSEX STREET + SHEFFIELD 4 
A.R.B., D.I. Arm? of course. 


Specialists in special steels. 
All types. 250 tons per month. 
Melting stock, ingots, billets, 


Fel. 24211 





in the heat of the 
moment 
ag \ 4 


Stlastomer insulated cables 
are manufactured by 


ASSOCIATED ELECTRICAI 
INDUSTRIES (WOOLWICH) LTD 


BRITISH INSULATED 
CALLENDER’S CABLES LTD 


ENFIELD STANDARD 
POWER CABLE CO LTD 


GREENGATE & IRWELI 
RUBBER CO LTD 


W. T. GLOVER & CO LTD 
JOHNSON & PHILLIPS LTD 


PIRELLI-GENERAI 
CABLE WORKS LTD 


RIST’S WIRE & CABLES LTD 
STERLING CABLE COLTD 
ST. HELENS CABLE & RUBBER CO LTD 





Hot gases billowing into the air furnaces searing the 
surroundings . .. molten metals pouring from crucibles .. . 
conditions such as these are certain indications of the need for 
SILASTOMER® insulated cables. 

Providing continuous long term operation in ambient tempera- 
tures up to 200 C, cables insulated with SILASTOMER silicone 
rubber are being specified more and more for complex 
industrial installations. They are resistant to low pressure 
steam, water, weathering and many chemicals and will with- 
stand corona discharge. Glass braided silicone rubber cables 
will continue to function efficiently through and after the 
outbreak of fire. 

These are the reasons why, in 1956, the Admiralty 
decided to use silicone insulated cables in all new ships of the 
Royal Navy and why this insulation was chosen for the cables 
in such important installations as the House of Commons. In 
many domestic appliances, too, SILASTOMER insulation is used. 

These are the reasons why, when ambient heat and fire 
hazard are major cocsicerations, you should always specify 
SILASTOMER insulated cables. 


(1S) MIDLAND SILICONES LTD 


first in British Silicones 

68 Knightsbridge - London - SW1 - Telephone: Knightsbridge 7801 
ARFA SALI FFICES: Birn wn, Gila Leeds, l 1 Manchester 

igents in ma anrrie 
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_Séectomelt ARC MELTING FURNACES 


tw capacities from 250 bd to 200 ton 


Technical improvements evolved over many years with the installation 
of over 2,800 units are incorporated in the British built Arc Furnaces 
of either Demag or Lectromelt design now being offered by G.W.B. 
As a result of the present agreements between the three companies 
there is no restriction to one particular design. When you discuss Arc 
Melting Furnaces with G.W.B. the most suitable furnace for your 
production programme and shop layout will be suggested from the 
wide range of designs available. Let G.W.B. advise you on your 


steel melting problems. 


Lectromelt 36 000 KVA Steel Melting th 2 mag Submerged A con Smelting Furnace 


G.W.B. FURNACES LIMITED 


P.O. BOX 4 - DIBDALE WORKS - DUDLEY - WORCS 
FOR ALL THAT IS BEST IN Telephone: Dudley 55455 


ELECTRIC MELTING AND SMELTING FURNACES POL AAR Oe 


GweB Los 
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PRESSING 


Pressed brick being 
lifted from the die 


PROBLEM 


SOLVED 


Pickford Holland install the latest hydraulic presses 
for standard and special shapes 


Refractory bricks today must be ab- 
solutely accurate in size and shape. 
These qualities, combined with unerring 
consistency in texture and performance 
are achieved by Pickford Holland through 
the medium of the most modern plant 
and equipment. 

In Pickford Holland works, the very 
latest crushing, grinding and mixing 
plant, powerful hydraulic presses and 
continuous tunnel firing kilns have been 
and are being installed. Rigid control of 


the various processes is strictly observed, 
and the finished bricks are carefully 
inspected and tested before being des- 
patched to the consumer. 

More and more Pickford Holland re- 
fractory bricks are being supplied to steel 
and other industries throughout the 
world and the demand still grows. This 
surely points to the success of this policy 
of plant modernisation and is a tribute 
to the lasting service that these bricks 


PICKFORD HOLLAND Refractory Bricks 


Consistent in Size. Shape. Texture and Performance 


PICKFORD HOLLAND & CO. LTD., 381 FULWOOD ROAD, SHEFFIELD 10. TELEPHONE: 
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PFS tclvetite -plastic bonded 
to steel-has put a new face 
on Baldwin and Francis 


Switchgear 


SOMETHING NEW IN STEEL Until recently steel always 
needed periodfc repainting. But not any more. Stelvetite even 
arrives with/a finished surface in the colour you choose. A 
surface firdsh which lasts for ever. Stelvetite’s permanent 
PVA s{rface resists scratches, acids, detergents and time- 


Thus, if all manner of steel fabrication, Stelvetite saves on 


Plastio™ 
bonded 
tO 

Steel 


Panels 


expensive surfacing processes. It can be wotked and welded as 
steel, comes in a wide range of plafn or embossed surtaces 
and is used to fabricate, amgng other things, lifts, doors, car 
panels, partitioning, fysriture, kitchen equipment, walls and 
cladding—all of Ahem colourful and permanent. Investigate 


Stelvetite. a fay well save you a small fortune, or a large one 


ahout Baldwin & Franc 


he made to 


1// enquiries 
Switchgear Pane should 
Baldwin & Francis Ltd., Evre St., Sheffield 





STELVETITE 

made by John Summers and Sons Ltd. 
who produce over 52,000 miles of sheet 
steel every year. Write to us at Dept.J.S. 


Shotton, Chester, for full information 





handling 
systems 





Pantin design and manufacture heavy duty 
mechanical handling plant for the Iron and 


Steel Industry. 


This ‘Upender’, for example, was made to 
simplify and expedite the handling of coiled 
steel. With the utmost ease it takes coils up 
to 1S tons (max. dimensions 6’ diam. x 6 
wide) and lays them on a Pantin Pallet Con- 


veyor for movement to the next station. 


Pantin Handling Equipment covers every 
requirement, including upending and down- 
ending, tilting, hoisting and conveying of 


coils and sheets. 


We are always pleased to discuss, advise 





and co-operate on the design of handling 
systems and shall be glad to send you details 
of Pantin Conveyors and Handling Equip- 


ment. Please write for illustrated brochure. 
“age : 


W & C PANTIN LTD CENTRE DRIVE EPPING ESSEX Telephone EPPING 2271-4 


ASSOCIATED COMPANY THE BRITISH MATHEWS LTD 
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Typical Flow Sheet for 60 Ton Converter 


\ /S. F. VENTURI 
SCRUBBER 
120,000 CFM AT 


i50°F 50 GPM H20 
EVAP, 


P-A VENTURI 


AND 
SEPARATOR | geeececeneees 


© 


t 
Aj 
Os 








1650 GPM 
RECYCLE WATER 
550 GPM 


AT 135°F 


150 GPM ae oe > owe op! 








eo 
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OXYGEN 
CONVERTER =e: 


oe PTT, 


i Py 


“cpm > Pr 5% SLURRY 


' 
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MAKE-UP WATER 


15 GPM 








SOLIDS RECOVERY UNIT 


, 
SIX The recent installation of Chemico Venturi Gas Scrubbers at 


a major steel plant in Canada marks the sixth time Venturi 


conve rter Gas Scrubbers have been used to prevent an extremely un- 


desirable source of air pollution—Iron Oxide Dust. Chemico 


a a 
instal lations Venturi Scrubbers maintain leadership in the world’s steel 


industries because they offer wet scrubbing which allows non- 


[ rove explosive collection, efficiencies above 99°/, and extremely low 


maintenance, In addition no critical controls are required to 


maintain efficiency and the handling of dust is simplified by 
recovery in a dry form. Chemico Gas Scrubbers are ideally 
suited for Open Hearth Furnaces, Cupolas, Scarfing opera- 
tions, Sintering operations, and Electric Furnaces. For further 
information and a copy of a brochure giving full particulars, 


contact the Chemico Gas Scrubber Division: 


CGHEMICO 


CHEMICAL CONSTRUCTION (G.B.) LTD. 9 HENRIETTA PLACE, LONDON, W.!. LANGHAM 657! 





A SUBSIDIARY OF CHEMICAL CONSTRUCTION CORPORATION, NEW YORK, U.S.A. 





Newells Modern 
Sinter Plant 
Machinery..... 


FEED TABLES FOR 


Accurately proportioning iron ore fines, crushed coke, flue dust, etc. Built 
in several sizes to suit customers silos and output requirements. 


PATENT ROD MILLS FOR 


Grinding coke, breeze and other abrasive materials to required fineness 
built in seven sizes to suit outputs berween 1 and 20 tons per hour 


ROTATING DRUM TYPE PELLETISER 
+ CONDITIONER FOR 


r materials, sizes and designs to meet individual requirement 


PATENTED ROTATING DRUM + MULTI- 
SCROLL MIXER FOR 


Thoroughly mixing iron ore fines of varying densities and moisture con- 
tents, coke, breeze, flue dust and scale, etc., for mixed feed co sinter strands 
Designs for outputs up to 500 tons per hour 


TELEPHONE: MISTERTON 224 & 225 
TELEGRAMS :“*“NEWELLS, MISTERTON, NOTTS.” 


Ernest Newell & Co. Ltd., misterton via DONCASTER. 
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Among the latest 
developments at 
Parkhead 
Steelworks, Glasgow 
is the 80-ton 
Electric Arc 
Melting Furnace 
shown above. 


WILLIAM BEARDMORE & CO. LIMITED 


Forgings and Castings up to 150 tons in Carbon and Alloy 
steels, including Boiler Drums, Forged Steel Fully Hardened 
Work Rolls, Forged Steel Solid and Composite Back-up Rolls, 
Heavy Genera! Engineering Plant and complete 

machining facilities. 


Also at 
11, Hamilton Place, Piccadilly 


Parkhead Stee! Works, Glasgow E. I. (Hyde Park Corner) London W I. 


Tel: GROsvenor 8786 


Telephone: BRidgeton 1881-8, Telegrams: Beardmore, Glasgow 2, St. John Street, Manchester 3 


Tel: BLAckfriars 9745 





The Colville 


Group 


ot Companies 























united to serve the world demand for Steel 


COLVILLES LTD. 


THE CLYDE ALLOY 
STEEL CO. LTD. 





THE ETNA IRON & 
SIEEL CO. LTD. 


THE LANARKSHIRE 
STEEL CO. LTD. 





SMITH & McLEAN 
LTD. 


In Scotland, Colvilles are engaged on a vast development 
programme. By 1963 ingot capacity will be raised to 
3.3 million tons per annum, and the Group will produce 
in their modern mills the full range of steel products— 
heavy and light plates, sheets and strip. Heavy and light 
sections, bars and broad flange beams. 


(| THE COLVILLE 


1) | GROUP OF COMPANIES 


COLVILLES LTD 195 West George Street Glasgow C.2 
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Arresting Refractories 


Arresting in function, for these are stoppers. 


Arresting in quality of manufacture too, 


DRY SPORAGE UNTIL DESPATCH 


Wet refractories can cause trouble, so we 


like all casting pit refractories made by Wragegs 


keep our stocks under cover until you're read 


Sor them 


of Sheffield. 


Their family of products contains the breeding 


LARS LINING SRICKS of years of specialisation, for Wraggs were 
NOZZLES > STOPPERS > SLEEVES , 
TRUMPET GUIDES » TRUMPET BELLS pioneers in casting pit refractory manufacture. 
CENTRE & RUNNER BRICKS 


INGOT FEEDER TILES Today, they are one of industry’s largest suppliers... 


Wraggs of Shefhield Jor reliable casting prt refractories 


THOS. WRAGG & SONS (SHEFFIELD) LTD., LOXLEY, NR. SHEFFIELD. TELEPHONE 343934 
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Brookhirst Igranic 
improved lifting magnets 
have been designed 


against a background 


_of forty years’ experience 
of the needs of the 
iron and steel industry. 





They guarantee: 

Maximum all-day handling capacity. 
Safe manipulation and quick release. 
Longer life due to solid impregnation. 


Economical operation. 


BROOKHIRST IGRANIC 


Sales Headquarters: BEDFORD WORKS - BEDFORD 
Works at: BEDFORD and CHESTER 


Area Offices: Birmingham Bristol Cardiff East Anglia Glasgow Leeds 
London Manchester Mid-Southern Newcastle Nottingham Sheffield 


Belfast 


Makers of Britain's most rugged and dependable lifting magnets— 
rectangular, circular, bi-polar, multi-polar—a range of over thirty. 


BI.2t 
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This illustration, of part of the 
assembly department at our 
Daventry works, shows a variety 
of large bearings. The one shown 
partly in section in blue (full size) 
is 254 ins. bore, 40} ins. outside 
diameter, 22} ins. wide. We have 
supplied this bearing for the past 
21 years for the back-up rolls 
of a wide strip mill. 
f j ai 
"THE demand for large Timkey gapered roller bearings has been growing steadily 

for over 30 years. To help to m s demah , it was decided six years ago to build a 

new factory at Daventry for thefmfanufacture ff large bearings only, and this factory was 

very quickly in full operation. . 


a 
_ 
te 


Some Timken bearings excee f feet in diameter, others weigh "38 h as 4} tons. 


: j 
British Timken, Duston, f/Northampton, Division of The Timken Rol er “Bearing | 


~ e e ° . . Tee 
Company. Timken bear manufactured in England, Australia, Brazil, Canada, ~~ 
France and U.S.A. 


—, 


REGISTERED TRADE-MARK 


tapered roller bearings 
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THE OUGHTIBRIDGE SILICA FIREBRICK CO. LTD. 


OUGHTIBRIDGE nr. SHEFFIELD Tel. OUGHTIBRIDGE 2311 


THE CLEVELAND MAGNESITE & REFRACTORY CO. LTD. 


NORMANBY BRICKWORKS, NORMANBY, MIDDLESBROUGH Tel: NORMANBY 255-7 
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42 BLOOMING MILL FOR THE NEW STEELWORKS AT DURGAPUR 
in West Bengal being constructed by ISCON, photographed in course of erection in Davy-United’s 

Darnall Works. As a member of ISCON Davy-United are responsible for over a quarter of this new Indian 
Steelworks, including all the rolling mills, the wheel and axle plant, the central engineering maintenance 

shops and the iron and steel foundry. The engineering and supply of all the 75,000 tons of machinery involved 

is being co-ordinated by the Davy-United Construction Division. 
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W. F. CARTWRIGHT, D.L., J.P., M.I.Mech.E. 


WILLIAM FREDERICK CARTWRIGHT was born in 1906 and educated 
at Dragon School, Oxford, and at Rugby. His technical training began in 
1925, when he entered the Swindon works of the Great Western Railway as 
chief mechanical engineer's pupil; three years later he transferred to the 
drawing office. 

He joined Guest Keen and Nettlefolds Ltd in 1928 at their Dowlais works, 
where he remained until late 1930, then spent a year studying Continental 
practice at steelworks in Germany, Luxembourg, and France. Mr Cartwright 
returned to the United Kingdom at the end of 1931 to take up the position of 
assistant works manager at the Port Talbot works of Guest Keen Baldwins 
lron and Steel Co. Ltd; four years later he was appointed technical assistant 
to the managing director, a post he held until 1940. During this period he 
was intimately concerned with the reconstruction and enlargement of the 
company’s East Moors works. He was appointed chief engineer in 1940, and 
at the same time was elected to the board of the company. Three years later 
he became general manager of the Margam and Port Talbot works. 

When the Steel Company of Wales Ltd was formed in 1947, Mr Cartwright 
was elected a director and became general manager of the steel division. It 
was under his leadership that the development of the Abbey works at Port 
Talbot took place. In 1954 he became assistant managing director of the 
company. 

Mr Cartwright is a member of many technical and scientific organizations, 
including the Institution of Mechanical Engineers (former member of council), 
the South Wales Institute of Engineers (member of council), the British Iron 
and Steel Federation (member of council), the British Coke Research 
Association (member of council), the British Iron and Steel Research 
Association (member of council), and the Institute of Fuel (Fellow). He is a 
member of the governing bodies of a number of educational establishments, 
including University College, Swansea, and the University College of South 
Wales and Monmouthshire, Cardiff. Mr Cartwright is also a Deputy Lieutenant 
of the County of Glamorgan and a Justice of the Peace. 

When the Iron and Steel Engineers Group was formed in 1946, Mr Cartwright, 
who joined The Iron and Steel Institute in 1936, became first Chairman of 
the Engineering Committee, and his drive and enthusiasm did much to 
establish the success of the Group. He was elected a Member of Council in 
1946, and became a Vice-President nine years later. In 1958 he received the 
Bessemer Gold Medal, and this year he has been awarded the Federico 
Giolitti Steel Medal by the Associazione Italiana di Metallurgia. Mr Cartwright 
has been elected President of the Institute for 1960-61. 
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PRESIDENTIAL ADDRESS 


Production control in an integrated 
iron- and steelworks 


W.F. Cartwright, D.L., J.P. 


integrate 
li the la 
ne departme) 
enced ai 
De mand wy l } ] l 1} | (f el KS } OM pany ade p 
} of workiy ) he ws rder te yread th ) lems connected 
Hiitte ? 


the) 


\t that time pre hably he most elaborate form o lable TI »san sheet caleulated for a week at Port 
control in German iron- and steelworks was the gas 7 


ilbot shov whereas very good agreement of 
control. Every cubic foot of blast-furnace and coke theoretical and actual blast requirements are obtained 
oven gas was used, but this very integration produced — for the nos.2, 4, and é ices, the nos.1 and 3 furnace 
its own problems. As the open-hearths were fired by figures are not in agreement. Such discrepancies merit 
coke-oven gas. it was necessary to manufacture coke continued investigation since reasons are not usually 
If coke was manufactured, it was necessary to manu- apparent 
facture pig iron. The normal method of operation On returning to the integrated ire eelworks 
would have been to use most of this pig iron in basic it Port Talbot, I for that very 
Bessemer converters, but the demand for steel was being made at that time in the UK to co 
mainly in OH grades. The result was that the works tion in the way it was on the Continent 
were burning coke in the blast-furnaces to make coke- | the next four or five vears, rapid progre 
oven gas, and using the pig iron in the converters, only ind by 1935 all large iron- and steelworks in the 
to pass the resultant blown metal to the open-hearth — had also established full gas control rooms 
to duplex it. It occurred to me shortly before the war that pos- 
The gas control rooms in Germany in 1930 were © sibly all forms of energy should be controlled from one 
already very advanced, and, with the sole exception room, as very often, if there is a shortage of blast 
perhaps of the introduction of the panels, there has furnace gas, the question of whether to burn more coal 
been little progress since then in this particular field. to keep up the generation or to purchase more elec- 
A sheet used at Hoesch in 1981 made up from the — tricity from outside is one that can only be answered 
records of the gas control room (Table I) shows the by somebody who knows the full facts of the avail 
lengths to which they would go to check the various ibility of gas and also those of electrical maximum 
records one with another. It is doubtful whether even demand. However, such an idea was not found accept 
today many British steelworks take the trouble to ible, and to this date at Port Talbot, the gas control 
check that the blast volumes they book to the blast- ind the power-station management remain separate 
furnaces tally when balanced against the quantity of In at least one works, however, that of Geneva in the 
carbon in the blast-furnace gas, flue dust, and pigiron. USA, the whole control of all energy, whether from 
; , 


[t will be noted from the caleulation that they have — gas, fuel oil, coal, or electricity purchased from outside 
assumed that nitrogen blown in at the bottom of the is in one large control room. In any new iron- and 


} 


furnace leaves at the top. Checks on the Port Talbot steelworks, I feel this arrangement should be adopted. 
furnaces do not always bear this out, as is shown in During the large-scale expansion plan for Port 
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TABLE | 


Calculation showing biast theoretically required and actually used 


Hoesch Werke AG. 6 September 193] 





irt 


Blast-furnace III 


Blast-furnace I\ 
tons ( Total 


1508 tons 
2317 tons ore 
70 tons flue 


1] 280 tons 


20-584 kg 


Theoretical blast 


required, 1000 nm 8 


1O0 nm 


Theoretical blast 


per ton 


Actual blast Actual blast 


per ton of oke 


of coke consumed, 1 000 m3 


1405 
1262 
1884 
$551 


3-00 
+12 


2-98 





Talbot in 1947 ‘ame clear that management of 


ther departments besides fuel would require more 
formal control. Among others, a control known as the 
ngot controller’ was instituted 
ardiff the 


on 


\ study was made at 
works of 


way in which in practice the 
if steel 


the various OH furnaces, the 
various-sized ingot moulds, and their 
aking pits was planned. At that time 
n the hands of the soaking pit planner 
what orders he had on hand. issued 
» the OH shop but he had a relatively 
imple problem as he was only dealing with six OH 
irnace \t Port Talbot 


rdering 


f ;in one shop there were then 


TABLE tI Calcu 


bono 


20 furnaces in three separate shops. Today we have 
four separate shops with 27 furnaces of varying size 
and type, but, perhaps even worse, we have no fewet 
than 18 sizes of ingot mould. Thus planning the move 
ments of the ingot bogies with various ingot mou 
becomes an extremely complicated operation 

In the paper ‘Present 
furnace charging’ by 


ld 


methods of open-hearth 
Diamond and Frankau,* in con 
nexion with the control « 


f such operations, there is 
developed a technique for following visually the 


‘E. L 
211 


DIAMOND 


JIS] 


lations showing blast theoretically required and actually used 











movements of locomotives and trains on a diagram 
When the Abbey open-hearth shop at Port Talbot was 
first being planned, a large model was made on which 
all operations could be followed 4 isually, and it was, in 
Tact, possible to reproduce the operation ot the shop in 
every possible detail 

With the Diamond system, it was possible to follow 
the operation of any shop visually on paper; with small 
modifications, this was adopted for imgot 
control, and ultimately for the control of the stage 
trathe charging the large Abbey open hearth shop 
Figure 1 shows part of a sheet which has ai tually been 


system 


used in the ingot controller’s tower, and Fig.2 illus 


trates more clearly how the system works 
It is interesting to note that when | 


Krivoi Rog iron-ore mine in the Ukraine in 1955. they 


visited the 
were employing this identical system, in the operation 
f the electric railway bringing all the ore cars from the 
face to the tipplers at the bottom of the shafts 
At Port T: 
} 


tion by direct line to the pitsides of all 


Ibot, the ingot controller is in comm 
melting 
ind to the soaking pit planner, and, as he is in a 
t the entrance to the stripper bay, he has 
ommand of the stripper bay and soaking pit 
From this tower the operation of locomotives arriving 
from the 


bay can be 


four melting shops and entering the stripper 
However, the the 


ocomotives is by wireless to each 


ialh ¢ ! ) if 
oft the 


the 


seen 
live 


the controller can dial number 


eS 
uly " 


motive he require s, and that locomotive o 
rhis system h 


nad 


then answer 


degree 


operate 


furnace 
9 in he arth 
aay 


there three 
of 21 ft 
respectively 

but w 


These were ind 
dia 
134% 


very dilferent 


ind their were not 
ith the addition of a for 


ew problem emerged, that of 


makes pet 
irth furnace 
the 


of hot metal to the v; 7 meit 


f OCn 4% GO jy 
i zy ity 


g and soah metal control 
His ] by Was 


last 


trol of the 
ny shops 
further « 
f 31 ft he: 
sinter 


furnace 
percentage of 
fa different type from 

furnaces. Thus the iron controller now has the problem 
ot dealing with tive blast-furnaces with makes of about 

T7000 11000, and 12000 tons per week 


SOW) TOOO 


The se furnaces t ip into two different 31zed ladles one 
and the other holding 


grades of pig iron, one with 


holding about 60 tons ibout 
190 tons, and making two 
,P and one of 1-8°,P 
There 


vine h are 


Abbey 
ind 


1 
normaly in 


n the 


ommiussion 


are three m shop, two 


ixers 
normally in ¢ two in the 
shop 

no mixer operating in th » small shops at 


Bessemet one COMMISSIOI 


isi¢c 
Chere is 
Port Talbot and Margam. Under certain circumstance 


the iron controller is faced with a decision as to whether 


men they are going 


blast-furnace 
to shortage of 


to tell the 


w down owing ladles 
into the iron 
rder to free a ladle t 


{ 


olten metal wnuiating machine 


rReECp A 


wced with demands, very often conflietin 


hirect: hot me Shops 
vyraphical rec ontro}] 


furnace in operation. He 


Cart 


thé 
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undoubtedly essential for 
ditferent 
it pomnts of demand 


or empty, and this system i 
the 
supply to so many differer 

{nother control 


ot oxvgen 


smooth working of so many points of 
Which has been established is that 
Here is a different 
problem from that of the normal gas control. There i 
s<uppher of oxvgen, although the 
units, one of LOO tons per 


controller somewhat 


only one plant con 


t day and 


sists of t<wo e | 
the 


2(W)-tons 


ti para 


other of 200 ton per dav, to which two further 
to be added The main users 


sic Be 


The oxvgen con 


per day plant ire 


in order of priority. are the b emer 
ind the OH 
troller has to exercise disc ipline over 24 OH furnace 


¢ 


ot ox, 


re} 
yen 


plant the searter hop 


many which may be requiring oxvgen, when there 


is onlv enough available to blow one furnace 
This control i 
Operation No 


Ih Operation 


it the moment. i 


remote tlow-ind cating instruments are 
and control i ntirely by telephone 
ure indicat eons imption 

7 Lipprs 


rece] 


has 


pias 
Lrnh ye ssible 


lining 
simple 
would imply 


In the first 


ovens 
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reduction in the number of coals would assist matters It has been found that the picki 


for with two ecoke-oven plants, one with a washery and 
ne without, and large variations in the rate of supply 
whether to hold 
question of importance and 


Long 


ire 


in a deterioration of 
ing it clear that it is 


method of 


. essential to ha 


if 


becomes 
ditheult « 
to 


to stock o1 ih Wagons 


me that is stocking coke and recove 


plant which ( 


In 
n 


a period 


ens 
that cf 
of Port Talbot in 
up to LQVOOO tons built up before each 

We have found that it 


in the coalfield 
number of which is 


solution term planning is necessary ure idequate screening 


rae rto 
it 


coal always turned overt and vet ikke when recovered ire 


\ ovel 


coking plant 
4 


if 


wdequate StOCKS which it} the case 
plan t 


plarne 


wmount ure 1 long rwarad 
ummer holiday holidays. any d stoppage of 


is ditheult to 
important it 
ity 


reduce the coal 


volve i propel 
the \ 
tocking plant must be capab 


t the co 


ut 


washing technique and therefore out 


to it coal 


unless we have a keeping arious grades « 


mn hand ready to bridge coke 
it the lu 


coke qua ire Improve, COU 
siderable stock of coal always 


il rate ot output 
recovering it 


tacilities 


wy Variations in the outputs of the various collieries 
This require L ¢ 


be effected by 


ind 


analysis of the savings that cat ol 
] with 


handling or 


screening it 
} 1} 


Ty possi! 


a 
ll 


red 


urying larger stocks to compare these it should 


the tosse viously incurred by double 


nterruptions in coke Consumption ¢ 


relines, involving heavy stocks of « 


standaye charges 


S.C.W. INGOT TRAFFIC CONTROL 


MARGAM 
TEEMIN 
9 TAGE 


= a} 
ABBE Y - i 
oaeeY whasionwe= + a oe 
cCeM! ~ ; , 4 
TAGE 


am 


[ Weeden 


+ 
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ite 


blast-furnace performance, mal 


is necessary to 


] 
taking mts 


coal stocking plant 


at 


ng up of any con 


siderable quantity of stor ked coke immediately results 


Kw 


a rood 


ve not only 


put in 
screen d 
1 results fron 


have 


ring it ils 


stocke 


an 


T roo 


» account colliery 


the plant such as. 


Christmas, and relining of blast-furnaces, and this in 


with a method of 
separate; a proper 
le of receiving coke 
ke-oven pi int 
a high rate 


eto ensure th 


1d 
Given 
it the 
lue to blast-furnace 


oke. can be 1d 
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by picking up such stocked coke over the next period 
before a reline while keeping the coke ovens at a 
constant level of production. 
If real production control is to be established over 
pig-iron manufacture, adequate ore stocking, screen- 
ing. and crushing facilities must be available, together 
in order to use all fine mater- 
Port Talbot have these 
the of the ovens, 
multiplicity of ores has rendered the task extremely 
difficult, and it is to be hoped that in the future it may 
operate foreign ore plants with large 
quantities of a few ores, rather than smaller quantities 
of many ores. Figure 4 shows the reduction of stocking 


with sintering facilities, 
ial. Only recently at been 


available, but, as in ease coke 


be possible to 


capacity of any given area available for stocking ores 
with the The Fair- 
less works in the USA operates almost exclusively on 
results 
that can be obtained when production is planned on 


increase in number of ores stocked 


Venezuelan ore, and has shown the excellent 
the basis of a single ore burden, with all the accuracy 
if control that results. 

Port Talbot is not laid out as anybody would lay out 
a blast-furnace starting with the know- 
ledge of the 


intering 


plant today 
desirability ot 
ore, the use of self-fluxing sintet 


screening, and 
and the high 
of fines now present in most foreign ores. 


erushing 


percentave 
\s a result an extremely complicated raw-material 


ivout has emerged and, in the very early stages, it 


obvious that once again some form of control 


hecame 


vould be necessary. The so-called raw materials con- 
troller | in his office a mimie diagram, showing the 
operation of the plant at the various points at which 
ore is received, treated, and consumed. There are tive 


ship berths 
ind purchased coke; an 
and a fine 
crushing and 
When to this 
there are in 


iders with tw two tip- 


imestone 


stock, A S« reened ore stoc k 


ondat \ 


re stock primary ind Se 


¢ plant: and three sintet plants 


idded the fact that ceneral 


( mmplexity 
use 24 different ores, and two different kinds of lime 


it will } 


e clear that the 


perator hasa cood deal 


litterent belts. cover 





‘ 
4 - a > a a 
> 
4 
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’ 
/ 1 ~ ! 
“ > 
i 
Sma —o ce: 7 Eons. 
oer items. “TSR AROS fa ancora“ 
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ntti ticaieatil natn tila. tile ill 


4 Illustration 


typical area with increase in nium 


shouing reduction 


stocking capacity 


ver of ores stocked 


being made to eliminate certain belts, cut down thi 
numbers of produce self-fluxing sintet 
requiring no further addition of limestone. The contro! 
is in operation 24 h daily, and actions must be rapid to 
ensure that the plant is kept operating. The controller 
may be confronted by the fact that two ships have 
arrived alongside, both containing ore which requires 
sereening, or by the fact that when screening an ore 
making much fines, the space available for the fines of 
that particular ore in the fine ore stockyard is nearly 
full. He must be capable of reaching a quick decision 
under such circumstances 


ores, and 


The largest existing control is that of the scheduling 
and production The object of this 
department is to schedule and progress customers 
orders through all processes, from the steel-plant ingot 
production to the finished rolling-mill products, 1 
accordance with the order delivery date, the quality, 
and the quantity. This schedule is governed not only 
by customers’ requirements, but also by the necessity 
of scheduling in accordance with efficient rolling mitt 
practice. 


department 


Customers’ orders pass from the sales department t 
the order control department, who issue the orders t 
the mill in accordance with the sales departm«e nt plat 
The first step in the mill’s scheduling department is t 
mark the order with the metallurgical routing 
gramme required. The order is then passed to the 
department carrying out the calculations necessary ti 


pro- 


convert the customer’s order into hot-rolled coi 
weights and dimensions. The order form, with this 
information upon it, then passes to the hot-mil 
scheduling department, which computes the coil sizes 


into slab and ingot dimensions to achieve the best 
possible vield. The steelmaking plant 
this department orders for steel grade and ingot size 


ind type to achieve the hot-mill schedule. 


recelves fron 


The information regarding steel casts as thev are 
made passes hack through the ingot controller to the 
the ingots, and 


mill 


soaking pit planner, who schedules 


then through the soaking pits and slabbing und uy 


to the shearing stage. The slab shear operator ther 
passes back to the hot-mill scheduler the lists of slabs 
actually sheared, and with this information the hot 
n scheduler builds up | records of slabs in ste 








from which he makes up his actual hot-mill rolling 
schedule. On all hot strip mills this must invariably 
begin with narrow strip, widening out rapidly to a 
given maximum and slowly returning to a minimum 
width in order to compensate for heating-up of the roll 
and roll wear. 

A certain amount of mechanization has already been 
introduced. In the first case, the sales department, by 
combining the order with punched tape carrying com- 
mon information, produces punched tape from which 
punched ecards can be produced. This punched tape 
also pr duces an order card which is the common form 
used in connexion with the customer's order through 
out its life. The punched cards are then fed through a 
machine to produce every week a list of all orders so 
sorted that they appear in order of descending width 
and gauge, and in separate qualities. This is the basic 
information from which the hot mill scheduler pre 
pares the mill schedule 

To deal with failures to roll, the punched card goes 
to the mill together with the order. In the event of it 
being rolled the card is destroyed; otherwise the card 
is returned to the office to take part in the next week’s 
run-through 

It is not possible in this short address to explain the 
complexities of this whole system. It is enough to say 
that later I will deal with the proposals to mechanize 
this whole system completely. 

At a level of production of about two and a half 
million tons, it became clear that it was necessary to 
install a more formal production-control department 
for the works as a whole. This is now going into opera- 
tion. The object of this department is to assist general 
management in achieving improved control in detail 
over the immediate production situation by using up- 
to-date information regarding the situation through 
out the works, and a more accurate insight into future 
production trends by using past experience, as well as 
to plan for the future in predicting the works situation 
for a considerable time ahead 

The production controller is responsible to the assist 
ant general manager in charge of operations. The first 
step of the production controller is to ensure that he is 
in possession of accurate and up-to-date information 
about what is going on in every department. This 
returns from each 

information when 


involves the supply of regular 


and immediate 
such as unexpected break 
down, failure of a ship to dock, or anything that might 
disturb the pattern on which forecasts and planning 


have previously With such information, 
accurate 


! 
also 


department 
any change takes place, 


heen made 
the production controller is able te make in 
forecast of the output of ear h sectis 


of the requirements of raw materials 


m ot the plant and 


He makes in accurate forecast ot the ¢ Np cted pro- 
duction of each department 
Friday; a 12 
‘ the previous 

‘KK added. ind i long 
also 
remainder in half years. When preparing these reports 
the e term 


such 


tor 1 wee k thead eat h 


veek forecast is also published every 
being taken off and one 


ihead IS 


wee kK 
term torecast 5 vears 
made, the first vear being in quarters and the 


consider short variations 
of OH 


maintenance for the vi 


ntroller was to 
normal planned 
bre ak 


and he also 


furnaces 


h 
is rebuildin 


and minor 
the plant, 
the variations that will 
whether 


irious mills 
downs or overhauls through: 
has to consider, in ample time 
be brought ab 


ut by holidays thev be for one 
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part of the works and not another, such as the Christ 
mas stop, or one part of the company and not anothet 
such as the tinplate division stopping when the stee 
division keeps operating, or holidays of suppliers and 
the NCB and the press works 

operations at the Port Talbot 


+ 


strip mill the works has operated under conditions of 


consumers, such as 


Ever since the start of 
full output. The production-controller’s functions wil 
have further complications at any time when demand 
falls below capacity, but, as yet, no experience in thi 
field exists 

Long-term repairs such as blast-furnace relines and 
rebuilds are also regular 


coke-oven important at 


becomes necessary to replace 


the 
armatures, or pe rhaps a blast-furnace be!l and hopper 


intervals, moreover, it 


certain assemblies such as slab shears, motor 


Past experience can be drawn upon to show the etlect 


of a Christmas stoppage or a blast-furnace reline bu 


. 
oceasionally the production controller may be cor 


fronted by the effect of, for example a large collier, 
strike or even a strike of one portion of the works 
necessitating an immediate recasting of all his plans 

It is clear that no production-control department 
can give satisfaction unless it works in the very closest 
co-operation with the order section of the sales depart- 
ment, the repall planning departme nts of the engin- 
eers, and the purchase department which deals wit 
the supply of raw materials 

The production controller occupies a room on the 
raw 


walls of which are diagrams showing the main 


materials and semi-finished stocks, forecast and actua 
productions, and forecast and actual repair plans. The 
great danger of such a department is that when striv 
ing to improve the control, undue complications may 
set in 

The effects of the 
a department are that the sales department has a mor 
accurate forecast of the probable production of the 
therefore 


promises and deliveries 


immediate establishment of such 


ireement between their 
and the 
chases can be made on a more intelligent basis, due t 


works and closet 


raw material pur 


considerable foreknowledge of events, enabling then 


1] in 


to purchase pig iron perhaps we advance 
paration for a blast-furnace reline. 

One of the most important features is the efficient 
deployment of bricklaying labour to achieve a balance 
lace availability and hig! OH 


section of product ol 


inh pre 


between high slab-furt 
availability. This 


furnace om 
control involves the planning of the employment 


setting on one 


+ 


the regular em 
there 


320 bricklayers sic 


ployment of men such as those repairing ladles 
difficult 


illow the st Ip mill te 


, 
decision to make as t 


is frequently bt very 
whether it is better to 


a reduced number of slab furt 


operat 
aces, to concentrate 
repairs to OH furnaces, or whether it 
there 


| 
e of strip rol Ing ¢ 


+ ‘ 


may be an embarrassmen 


ay | pacity 

One of the most important tunction 
tion control department is to that 
ind consumption figures are used int 
not those which the departmental man 
to think were his usual achi 

The state of production ¢ 
merely a first move 


mtrol of the whole « iti 


evement 

ontrol we have \ 
is well known to be in the directior 
of more mechanized c¢ 
steelworks. For instan¢ 


in integrated iron- and 


ilready well known hi w to run ill operat 


Journal of 
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slabbing mill from punched cards suitably prepared 
Very recently the Great Lakes Company has ordered 
an automatic control system for its new S0O-in. hot 
strip mill which it is stated will control all the opera- 
tions from the time the slabs enter the mill until they 
emerge in rolled coils, using 200 key points along the 
route to feed information back to whict 
will so control the mill that the correct gauge and width 
are consists ntly produced 

At the Homestead works of the U.S. Steel Corpora- 
tion the 


t compute! 


whole scheduling and production control 
from the 
finished plate is being carried on one large computer 
installation, an IBM type 650 tape Ramac system, hav 
inga magneticdrum of 20000digits, four Ramac units of 
24000000 digits 


receipt of customer's order to shipping 


and six type 729 magnetic tape units 
of 150000 records, each having 30 characters 

Ideally, the such that 
the sales department will have a list of every product 


system of the future will be 


the company can produce and a display from which 
they can deduce the delivery they should quote for 
any order. They should also have continuously avail 
able the exper ted date of delivery and position in the 
plant of any order already taken. To achieve this ideal] 
result, information must flow to a central communica- 
tion centre from every piece of plant which may affect 
the production programme. In some people’s minds is 
the thought that this information should flow auto 
so that, for instance, the output of a flying 
up line recorded at the 


matically 


shear cut would be central 


MLO SANUS EIS Topi TS 


€i AAR SER IET EE SITET Ee 


f way 


ultimately 


communication centre from the machine without 
human intervention, Others feel that the capital cost 
of such an elaborate communication system will never 
be justified. However, the control of major units in the 
mill direct from punched cards is now clearly possible 
and if this is so, the outputs of all major units can be 
unquestionably received at the communication centre 
immediately, so that it appears to be a question to be 
decided on the merits of each piece of plant whether to 
cable the recording mechanism direct to the communi- 
cation centre or to continue to transmit 
from time to time from records 


information 


a simple illustration of the loosely con- 


Figure 5 is 


nected separate departments which now comprise the 


control side of a steel company. It is no longer a 


question of whether computers and automatic data 
processing will be introduced into iron- and steelworks, 
but simply a question of how soon and in what way 
will they be emploved 

Figure 6 shows the 
matic integrated data processing will ultimately work 
and Chis 
shows quite clearly that in the course of time the main 
functions of general management 
the technique of control, to 


probable way in which auto- 


in every large integrated iron steelworks 


will be to improve 
take personnel decisions, 
concerned with long-term 
problems such as selection and training of staff and 


lems, 


and to be more and more 


less and less with day-to-day prob as the auto- 


matic data processing unit increasingly becomes 


capable of taking decisions on what should be done in 


+ 


the event, savy. of a breakdown or a change in the 


order position. 
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PAPERS AND REPORTS ON RESEARCH AND PRACTICE 


The extrusion of steel 


E. K. L. Haffner and J. Séjournet 


PRODUCTION TECHNIQUE 


SYNOPSIS 
Preparation of steel billets 


The extru 
THE EXTRUSION PROCESS for years. The 
sections and tubes consists ¢ 


ot a billet 


ntiall 
sentia 


which has previously be¢ rater 
appropriate temperature, into an extrusion pre 
tainer. By the subsequ nt exertion of pressure the 


il is deformed permanently, when this 


met 


passes thi lg 
in extrusion die, d ng which proce rapid 
product of the required St 
tion. The details of tl 


transtormed into a ( 
] 


US process are Well Knowl ind 


therefore will not lv elaborated upon further 
The material is generally supplied in the form of 
ong, rolled or forged ro 


und ek, which must be tree 


rom anv surtace and internal defect 


Le 


In the e of alloys that are difficult to extrude 
ther than ordinary steels urface of the bar 


must be carefully s« ed. When cast bille 


ire bemge extruc 


” turned or 

ground, and lo« irefully ground out 

The incoming sto | ut into billets bv meat 
ve dises 


ircular Saws Or abrasive 
When tubes are being extruded 
xtrusion press mandrel must be pr 
billet. before extrusion. This mav be ¢ 
by cold machining, which 

liamete! r by hot piereimeg 


holies are nvolved 


Billet heating 


In the lubricated extrusion process the outside surface 
f the billet becomes the surface skin of the extruded 
bar. To avoid the formation of defects on the surface 
of the extruded product, it is necessary that clean 
billets, at the correct extrusion temperature and. fre 


om surface oxidation, are fed into the 
Various means have | 


a container! 
een used t ichieve the nor 
: ire protected 
xidizing heating « t ‘ 

Coating 
1) The salt bath furnace was originally used and it The Ba 
ihieving a quick and 


uniform heating without any oxidation. The 


had the advantages of 


Extrusion presses 
billets were coated with fl 


a film that protected The presses u ed 

them from oxidation during the handling cated extrusion pre 
teristics, and have been | 
developments and improvement 
with presses used for non-ferrous 
ticular the tooling signed to ensure 


of metal. discard iwing 
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mounting and changing of clies and die holders. All 
these are aspects that have received much study and a 
later section of the paper deals with press develop 


ments in greater detail. 


Finishing equipment 
After 
mostly 
During 


extrusion and cooling, the solid 
straightened and de-twisted in a 
the stretching operation the 


covering the 


sections are 
stretcher 
coating of oxide 
bar is loosened and often only a quick 
r shot-blasting operation is required to com 
cleaning. The tubes are pickled 
then roller- 


pickling o 
plete the 
chemically 
straightening machine 


generally 


and are straightened in a 


Range of production 


The production range of an extrusion press is essenti- 


uly a tunction of its capacity, which itself is based in 


sme measure on the following factors 


1) the minimum and maximum size of product to 
| 


1 € xtrudes 


4) the minimum and maximum tonnage which it is 


“luce 


desired to pr 
nature of the illovs being e 
that 


the press capacity. the 


quite obvious generally speaking, the 
larger the principal 
extruded products and the higher 
in weight 

of billet diameter 


ipplie ition mm extrusion presses 


wn the ri 

tind 

i Sloh press any sectiol 

vithin a circle which, in extreme 

smaller in diameter than the 
range 


nh press 
if extrusions per hour that 
particular al 


he output po itial for 


different 
ption of 


extrusions pel 


lovs on the assum 
of 25000 


itferent al 


eh press wmacity a considerable 


tential minimum and maximum 


acy 


es showing monthly production potentia 


extrusion press 81ze8 


output, which is the result of the difference in weight 
per foot of product that can be extruded from a given 
naturally the heavier the product per unit of 
length, the greater the output. 

It is of interest to give a few details of the products 
that are at present most frequently extruded. These 


press; 


are 
shapes that cannot be rolled, e.g. finned tubes 
(ii) products that could be rolled, but the 
required quantity is not sufficient to warrant 
the manufacture of rolls, which are considerably 
more costly than dies. It is thus possible t 
produce economically some non-standard sizes 
products that could be rolled, and for 
there are rolls available, but where the quantity 
involved in any order warrant the 
change. It is possible to carr’ 


contracts 


where 


whit h 


would not 
cost of a mill roll 
out small quickly in an extrusiot 
press 

is interesting to 


eXabhilhe 


By wav ot 
ne production 


an example, 


ranges if. SAV 1 2OOU0-ton press 


Thin tubes 


Stainless-steel tubes of 0-1 


O-118 in. (2° 


o outside 
1300 mn ul 


IS m 


oxtraded havin 


§°125 in. (25 


thickness ca 
between ind 


om 20 to 60 ft (6 


Alloy val +1 
ness ranging 
extruded with diameters ranging 

30-130 mm) and in lengths varvi 


5 1D Mn 





Thick tubes 

Tubes of bearing Stee! \ y Wall thickness 
0-315 to 0-6 in. (8-15 mm) can be extruded with 
diameters ranging from 0-75 to 4 in. (20-100 mm 


in lengths varying from 16 to 50 ft (5-15 m 


Very thick tubes 
Tubes from 0-6 to 0-8 in. (15-2 m) wall thickness 
e.g. for mechanical applications) can be extruded 
with inside diameters from 0-75 to 4 in. (20-100 mm 
and in lengths varying from 13 to 40 ft (4-12 m 

The smallest diameters quoted in the above tout 
cases would only be applicable for very small quantity 
production If larger quantities were required largel 
tubes would be produced and then subsequently 
brought to size by appropriate reducing means 


Finned tubes 

Ordinary steel tubes having 8 fins. inscribed within a 
circle of 4:3 in. dia (L110 mm) having an inside diameter 
of 1-18 in. (830. mm) and weighing $ ib per ft run. can be 
extruded in lengths of approximately 50 ft 


Other hollow sections 
A great variety of hollow sections can be extruded 


e.g. hexagons with ar diameter of 2-35 in 


60 mm) weighing 1-2 Ib 


Nolid sections 


The range of solid sections that ‘btained 


ordinary steel 
mately 1 to 34 lb per ft run. However, the larger sec- 


tions must be inscribed within a circle of about 6 u 


ind stainless steel extends from approx! 


150 mm) diameter 


GLASS LUBRICATION 


If a billet is placed inside the container, it is clear that 
lubrication must be ensured on the following surtaces O-O04 In 


; uch 
i) the tront tace of the billet the surface 
mtact with that of the 


important location tor lubrication 


the outside surface of 

contact with the container 

in the case of tube and lov <trusions. the 
iside surtace of the bil which Is in contact 


} " 


with the mandrel. 


Lubrication of the front face of the billet 


It is interesting to examine wl 
glass plate placed bet 
billet. Figure 3 sho 
ness of the glass 

ture. At the | 

die has a 

while the 

heated to 


instant when 


Wee] 
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in important part in obtaining an 
» glass film and of the metal itself 


practice extrusion is carried out at high speeds 
ibout 20 ft/s 


process for the production of sections and tubes in all 
qualities of steel, from the most ordinary to the most 
complex. The first expe remental plant utilizing glass 
Wis started up in Paris in 194? the plant installed at 
Persan was the first one utilizing glass on a commercial 
basis, as earlyas 1950.The question of costs of this new 
production process has been raised on numerous occa 
sses, Which have been sions. The larger firms have 


I 


so that the extrusion operation itself 
does not take longer than severa 


rt \ | seconds, and a con 
siderable deformation is possible in an extremely short 
nter 


iterval of time 
Che main properties of the gla 


endeavoured tO cle termine 
found ft 


to be of primary importance in order to enable whether this 
them to plav an effective 


process Is already capable of replacing 
onventional rolling process Today there i 


; role as high pressure lubric the more ¢ 
ints for extrusion, are heat diffusibility and viscosity. little doubt that for some production ranges such a 
Diffusibilits represented by the 


the thern 


ratio of A (ju the manufacture of stainless-steel tubes 


: I ordinar’ 
il conductivity divided by the product — « 


irbon-steel finned tubes, all profi of lesser or 
creater degree of complexity in ordinary carbon steel 
the in fact for the hot-working of most steels. the 
he hot metal. It became ipparent ( 


pecific heat and specific weight. It represents the 


flass under consideration to diffuse use of 


process represents ommercl! 


xtrusion as a working 
almost identical diffusibility ally economical method, the development of which has 
not necessary to investigate been coming more and more to the tore 
property. On the other hand, tl 


In recent vears, 


1Onh Lppulca- 


Vidss 


if The tirm that developed the gl lubricat 
varies considerably, dependi mn, and has worked with the latter to a 
composition. For the extrusion — in one of 


its own plants, Is well qualified 
rking temperat view and comment on tuture 
rather nar thermore there i ivailable also the experience 


iccumulated by licensees of the process, whict 


n temperature rte < predic tions of tuture ade velopme: ntsto be made 


f actual data 


ion and in tube 
he principal difficulties encour 
that the pl } 


brought inte 


neverthele 


nun 


Lubrication of the outer surface of the billet 


since 1950 tl 
the products 
: und 
this 
reserved for similar 
will have drawn from their efforts 
tive returns than they have derived from 
with the same amount of expenditure 
that apply to the Sometimes appear to be a more economic 
Originally class LO spe nd time and mone yon the devel 
ilready indicated process, part of which has alread 


were replaced | i glass veil, until HV pro le, than on spending 


il 


witt 


introduced into the billet levelopment of an old pr 


ICCSS 
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Extrusion cost price 
ECONOMIC ASPECTS OF THE EXTRUSION PROCESS In 
impact of the extrusion process on manufacturing economics 


Extrusi can today be considered as a commer! 


ordet to elabora l 
ePXTrusion cost price, 1 ( sary t 
1 


ial exactly is meant by and when di 





hourly out 
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Essentially 


Very of 
than tl 
put 
the 
achieved 1 


output ra 


Extrusion versus rolling 


tion with a rolling 


Concerning the comparative » of a superior and « 


Journa 
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} 


tS Alloy In fact in the field of tube manu- 
facture, one wonders whether the ability of being able 


steel tubes 


to produce a thin tube in one single extrusion opera- 
tion will not bring about the situation where this pro 
ess must, by its very availability, one day replace that 
which consists of producing thick blanks which have 
to be drawn down afterwards in order to obtain the 
thinner product 

The willingness to accept new techniques is more 
those large 
In the rolling-mill field, large organiza 
ions have available a substantial staff, used to the 
the extrusion field the 
world is as yet relatively 
this 


slow in industries where investments 
ire involved 


process, while in number of 
technicians in the 
their 


necessity long and difficult. 


trained 


small, and training in new process is of 


the extrusion of 
As time 
ceeds the cost price is being lowered, and the ranges of 


said that 


steel is at present developing rapidly. 


Summarizing, it can be 


pro- 


ipplicati nare extended Steel extrusion can no longet 
whenever the installation of a new 
contemplated it has now to be 


e ignored, and 
section or tube plant 


seriously considered 


LAYOUT OF MODERN PLANT 


The followings als with plant lavout, trends in press 


raulic circuit considerations, 


! 
} 
i 


lesign rquireme nts ve 


instrumentation. The notes are kept on general 


+ 


indicating current developments and thought 


ither than beimy dire 


ted towards the specialist 


General requirements 
When considertt 


a mode rh 


ichinery 


vdraulic presse 
utilization « 
handling 
i minimum 
frequence. 


ndant 


the runout and quenching devices, or alter- 
natively the runout device, cooling-bed con- 
vevor, and stretcher system, as applicable 

pickling baths. shot blasting cubicles drawing 


section, etc., as applicable. 


The design of any layout must be extremely flexible, 
so as to permit a ready change of routing of the billets, 
to conform with the different production sequences 
and methods by which it must be possible to work 
with a modern plant. Furthermore, instant re-routing 
should be possible, should a breakdown occur in part 
of the plant, or the requirement of immediate main 
tenance or tool changing make this nee essary 


Typical layout 


, 
lavout of a 


Figure 4 shows in principle a typical 

modern steel extrusion plant, utilizing | 
billet heaters 

regarded as typical only, as conditions vary widely. 

As shown, the rolled or forged steel bar is cut to the 

required length for the billet and placed into a cold 

billet Under alternative 


e.g. when hollow billets of 


OW lrequen¢ \ 


induction The layout shown must be 


arrangements 


stock area 
small diameters are used 

drilled and in some cases 
this area. From here the 
billets are conveyed to one of the induction heaters 
after passing through the neces 


these may have to be pre 


machined before arrival at 


shown, and thence 


sary lubricating devices, are (a) transferred directly 


into the extrusion press, or, when on tube production 


b) taken into the piercing press; in this case they may 


be, after pleremng 


i) transferred to one induction billet re 


heaters and thence into the extrusion pres 
taken directly into the extrusion press, 
ii) taken to the cold pierced-billet stock 

If the billets are transferred from the 
to the eold pierced-billet stock area, thi 


I rachined 


} 
oraer te 


they may betore reheating 


extrusion, in 


spe ( ial surtace 


for other technical reas« 


Under billets 


drilled 


: 
to the res tile the 


alternative ondition pre 
led directly 


oduc tion pur- 


Piercing press 


" } 


cenerally supplied to the | 


Since hollow billets are steel 
extrusion press for the produc tion of tubes. the pier 
ing press has become an essential and inte 


yral part of 


the modern steel extrusion plant. This was brought 
ibout by the exacting requirements of tube concen- 
tricity and the need for the lubricant to be on the 
mandrel during extrusion; this 1s particularly the case 

for thin-walled tubes. 
Before extrusion, the billets may 
expanded from a small pilot hole, drilled previously 
of tube to be 


be drilled. pierced, 
produced wnd economic Con- 
ions decide which type of preparation is to be 
used 

Billet expanding is claimed 


piercing ind at present more 
ets with very 
nad | undling 


ple reing 


1 method of produ 
oncentricityv. The 


redu 
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It is clear that the piercing press sho 
to the extrusion press as possible 


Billet handling equipment 


Ihe application of the requisite lubri 
ily and internally where pple 
requires much auxiliary equipment 
extremely complex 

ot operation Vithout the use 
Powel i the hece ty and the aesire t 
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are involved. Figure 6 shows a selection of typica 
hollow and solid sections in carbon. stainless, and 
high-speed steels and Nimonic alloys, produced by 
extrusion. This has re sulted in considerable changes in 
the design of extrusion presses the major changes 
having taken place in the last one or two vears. For a 
long time several older extrusion presses were adapted 
for steel extrusion, but such adaptations (e.g. of pres 
ses designed for the extrusion of brass or copper) « 
not really prove satisfactory, and were not suited to 
the many exacting demands now made of a steel 
extrusion press, and such units are now largely being 
replaced and augmented by more modern presses 

The modern steel extrusion press handles billets u 
the diameter ranges shown in Fig.l. and it has t 
operate at very high main ram speeds. Figure 7 shows 
the range of main ram and outgoing speeds with whicl 
presses and their auxiliary equipment now have to 
work 

The basic requirements of a steel extrusion press are 
that it should be structurally capable of operating 
under the high speeds of working now required, and 
that it should be reliable in operation and of such 
rigidity and alignment acc uracy as to produce tubes 
to the very close wall thickness tolerances that are 


necessary 


Multi-cylinder presses 
For reasons that will be enlarged upon in a later se 
tion, all high speed steel extrusion presses Operating to 
date are working in conjunction with air-hydrauli 
vecumulators. Following the practice of utilizing 
multi-cylinder arrangements in free forging presses 
which give various power stages, the same expedient 
is being used in steel extrusion presses of recent design 
e.g. in the case of the series of 3000-ton steel extrusio! 
presses currently being built, instead of having a 
single evlinder of 8000 tons capacity. Where the only 
means of varying the press tonnage would be to reduce 
the working pressure of the accumulator, it is possible 
by means of a multi-cylinder design, to have six equal 
power steps ranging from 500 tons up to the full load 
of 3000 tons. This makes it possible for the press to 
be used for an extremely wide range of production 
say, from 5 to up 14 in. dia. billets with lengths vary 
ing from 6 to 40 in. This necessitates using varying 
lengths of container, which in turn poses a number of 
problems to the press designer, as the position of cor 
tact of the container and die face remains constant 
whereas the front face of the container has a variable 
position. Thus it follows that the billet loading means 
must move with the container front face; it is further 
more essential, in order to save time and pressure 
water, to make the stroke as short as possible, and 
this in turn introduces design problems having regard 
to such aspects as pressure dise loading 

\s yet the combined piercing and extruding of steel 
billets in one operation in the steel extrusion press is 
not carried out, because of the problem of maintaining 
lubrication for the extrusion of the billet immediately 
ifter piercing as previously mentioned 

Hollow billets are used, so that the mandrel power 
required may be comparatively small and could be 
provided by a mandrel-moving cylinder located within 
the main ram. With the multiple power stage design 
of press, however, a separate external cylinder which 
can act as a mandrel mover or independent piercer is 




















used so that the power of this unit may be added to that high-pressure supply lines, and in f 
any combination of main cylinders draulie mains between control valves and 


th pl 


he capable of ‘taking-up’ any press movemen 


Method of press mounting 
\s extremely high extrusion and also auxiliary press Automatic method of operation 


movement speeds are required in modern presses, m To obtain high producti hn rates t is necessary that 
. 7 


least semi-automatic, wor 


order to meet the demands of maximum output automatic, or a 
special consideration has to be given to the mounting large number « 6s movements is possible 
of the press upon its foundation. On the more slowly automatic cy al niv be 
operating presses, the press main cylinders are secured — lapping of a number of operation 

to the bedplate, and that in turn to the foundations be taken that the relevant press parts 

If this tvpe of arrangement were retained in a fast location before safely initiating the 
acting modern steel press, the foundations would have ment. For example, if the extruded pr 
to withstand the shock loads. To overcome this, cut in front of the die, it is essential to ensi 
special arrangements are made to ensure a flexible liscard has remained in the container \ 
mounting of the press on the bedplate contamer has moved away from the die by a short 


t amily 


The absence of a rigid fixing of the press implies appropriate amount. If this cannot be automatically 


pro luced by 
extrusion u 


glass as alu 
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7 Relationship between the 
extrusion through die 


proved before the sawing operation starts, the cycle 
must be arrested while the operator satisfies himself 
that the sawing movement can in fact be initiated. If 
the extruded section is cut immediately behind the 
die the 
extrusion cycle, and automatic operation can be con- 
tinued after this particular juncture. 

Similar in existence throughout the 
eycles and the above example is merely given to 
indicate the problems that have to be solved in the 
design of 


this particular danger does not exist in 
situations are 


semi- or fully automatic sequences, and 


when establishing the necessary system of interlocks. 


Billet and disc handling gear 

The billet and dise handling gear, mainly as a result of 
the high speeds of the press movement required, pre- 
sents a number of mechanical design problems. If it is 
desired ultimately to carry out production cycles up 
to the region of 100 per hour, it is not possible to allow 
for ‘dwell’ times, or speed ‘slow-downs’, in order to 
ifford a safe clearance for the billet loading gear: this 
gear must clear the path of the main moving cross 
head when this is advancing at high speed. 

The dise handling gear must accept the dise with the 
liscard after ‘stripping’ from the container, and 
leliver these to the discard separator. After the dis 
ard has been removed, the disc must automatically 
© through a cooling system to be fed back to the 


extrusion press 


Rotating die carrier 


It is of the utmost importance to keep the press in 


operation and extruding for the largest portion of 


time possible, and it is for this reason that the revolv- 
ing die carrier system was adopted (Fig.8), making it 
possible to have two or even three die assemblies con- 
tinuously in consecutive operation. Thus it is possible 
to clean and, if necessary,to exchange one dieassembly 
while a second one is actually in operation on the press 
centre-line. It is a requirement of the 
atest assemblies be automatically 
oaded unloaded from the ' 
arrier and securely locked after loading 


furthermore 
that die 


presse Ss 


und into and rotating 


In order to obtain the maximum sustained output 
Institute 
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from a steel extrusion press, it would, of course, be 
ideal to fixed billet diameter of a constant 
maximum length. However, this condition is un- 
obtainable in practice, certainly under European con- 
ditions, so that the continuity in production is often 
broken by the requirements of tool changing. There- 
fore much development and thought has had to be 
devoted to finding means for reducing the tool chang- 
ing times to a minimum, the requirement being that a 
complete tool change, involving the container and 
stem, should be possible within about 30 min. As pre- 
viously mentioned, the multiple die station with its 
automatic die loading and unloading has resolved the 
particular problem of stoppages during production, 
while dies are either inspected, cooled, cleaned, or 
changed. 


use a 


Extrusion mandrels 

Similarly, the need for mandrel changing constitutes 
another break in the continuity of production, so that 
mandrel changing times are also now kept to a mini- 
mum. In order to facilitate a quick and easy mandrel 
a number of different methods of attaching 
the mandrel to its holder are being utilized. The older 
method of screwing the mandrel into the holder is still 
used, but the screwing time is kept to a minimum by 
means of a motorized gear. 

Although very much higher production rates are 
demanded of the modern press, this has not implied 
any lessening in the demand for tubes of the optimum 
concentricity, and one of many factors contributing to 
good tube tolerances is the achievement of a correct 
and ‘square’ alignment of the container sealing face 
relative to the die. Means have to be employed to 
ensure that the container and aligns itself 
correctly in relation to the die face. It is essential to 
ensure that the container moves parallel throughout 
its stroke; this can be achieved by using a single 
central cylinder, or by the careful design of a twin- 
cylinder arrangement. In another patented arrange- 
ment, special alignment cylinders are used to ‘square 
up’ the container relative to the die. 

In order to achieve a maximum mandrel life, it is 
necessary to prevent its overheating during extrusion 


change, 


moves 





it is therefore 
necessary to arrange tor effective mandrel cooling to 


while it is in contact with the hot billet 


take place either during the extrusion stroke, con- 
tinuously, and/or during the ‘idle time’ of the total 
extrusion cycle. Owing to the higher extrusion speeds 
now employed and the more effective insulating prop 
erties of the glass lubricant between mandrel and billet 
bore, the mandrel life, expressed in number of extru 
Since tool 
total 
conversion cost from billet to tube, this is an important 
saving; furthermore, the need for less frequent man- 
drel changes again implies a reduction in the stoppages 
in the continuity of production. 
The extrusion mandrel, apart 
ooled, is also liable to a certain 


sions per tool, has gone up considerably 


osts constitute a considerable portion or the 


having to be 
thinning-down’ due 
o the increased gripping effect towards the end of 
extrusion 
the specific pressure required, and where the combined 
effects of temperature and specific pressure tend to 
weaken the mandrel. In order to reduce this effect 
mandrel-release gears have been designed which allow 
the mandrel to be dragged forward during this last 
portion of the extrusion stroke at a slightly taster rate 
than the speed of the main ram. 

Many of the auxiliary adjustments on the press that 
were formerly done manually, now have to be capable 
of remote actuation on the part of the press operator 


from 


+ 


when there is once more a slight increase in 


working at his control station. For example, owing to 
the fact that varving billet lengths imply the need tor 
variation in mandrel lengths, it is necessary to be 
ible to alter the relative position of the mandrel i 
relation to the stem. Similarly, the mandrel must also 
be capable of being readily adjustable in its axial 
position in relation to the die face, and this also must 
be capable of being achieved by the press operator 


vithout leaving his control desk 


Discard sawing 
[t is important that the maximum length of extruded 
product billet 


i minimum and the 


is obtained from a given and so the 
discard thickness must be kept to 
extruded product must be 


to the discard ‘| Is 


severed as Close as possible 
withdrawing the 
ontainer the discard 
intact bore, thus pulling the 
extruded section back slightly through the die; the 
saw then cuts between die and container (see Fig.9a 
It is not uncommon for the discard to stick to the die 
remaining inside the container 
is formed behind the dic 
issembly, and the saw is traversed back to this poi 
ind then cuts the behind the die, as shown 
n Fig.9b. The discard and stub are then rotated with 


achieved by 
from the die 
within the 


away remaining 


contamer! 


tace instead ol bore: 
vhen this occurs, a clearance 
it 


extrusion 


the die assembly to the station outside the press and 
die has the 
tt with the 
discard and that this has to be separately removed 
Special patented devices allow for the 


be employed for parting the 


behind the 


disadvantage that a longer stub length is | 


removed. Cutting the product 


In indre!| Lo 


tulvys ariscard by 


from the 
shearing action, eliminating the use of a saw under 
certain circumstances 


Container cleaning and heating 
One of the main prac tical requirements that has been 
found necessary as a result of operating experience is 
ng of the « 


the need for the cle ontainer-die sealing 
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face and bore atte 01 it is also advan- 


tageous to remove any glass dust and powder from the 
container bores 
One recent torm 
fa rotating wire brush 8) 
front face of the container 


rht up to th clit 
| 


mtainer cl 
stem mov 

proceeding through the 
pore rig 
tates the ful 
such 


and back again. This necessi 
of the m 

a brushing gear to move on to the pre 
and thereafter t i complete forward 
return stroke along the whole length of the 
The length of this stroke 


and constitutes a loss of time 


withdrawal in ram to allow tor 
centre 
line make 
container 
Sirrespective of | 1 length 
when \ short billets 
are being extruded 
A much improved device hi: 
veloped which is very rapid in 
press only makes a short stroke 
The he ating of ¢ 


is in the case 


ontainers 1s 1 


when extruding non-ferrous 

extrusion, the container requires 
the start of extrusion. if the | in 

yperating for some tin 

svsten 


vas he Tins 


r by an electrica 


begun, neating is n 


sustained pre cdhucti 


Stroke limitation 


Discard thieknesses 


extrel 
| stop 
plate arrangement, t« 1 i ) noving cross 
head stops ‘dead’ 


thickness 
which is often 


correct. discard 


ePXTremels mall yne! 


exti dir oy ste 
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older type of press, a stop plate was normally 
mounted on the container face in the shape of a horse 
hoe, and if on this type of plate allowances were to be 
made for varying discard thicknesses, it was necessary 
to change the distance or spacer rings on the front face 
of the moving crosshead, requiring considerable time 
\s this type of discard thickness adjustment might 
have to be made as frequently as once every half an 
hour or more often, it was necessary to locate a stop 
elsewhere than on the 
that 
irried out with a minimum of delay. 


plate arrangement 


contamer, 


ind to ensure thickness variations could be 


Runout tables 

With the very high exit speeds through the dies when 
extruding steel 
to the 


special consideration had to be given 
design of runout tables. In practice a trough 
type section has proved to be the most advantageous 
as it gives good support to the extruded product during 
its fast outward movement 

Many secondary design points have to be carefully 
watched. For example, it is to guide the 
extruded section from a point as close as possible to 


Hecessary 
the back tace of the die. and also to cover the trough 
lo illy at the platen end to guard against the extruded 
product rising above the guiding trough. The trough 
Aiso has to be titted with cooling means in order to 
stand up to conditions of sustained production. The 
runout device. when moved out of the press 
capable of being 


must he 
tilted, allowing the extruded product 
to roll out on to either system or a cooling 


1convevol 
bed or quenching 


tank: where short heavy sections are 


peng extruded. the speed of the tilting movement 


l 


must he capable ot being controlled. 
Provision of tool cooling 
Much importance attached to having a 
that 


when the press 1s 


now iit 


mum of ‘idle time Le proportion ot the total 


press evel not engaged 


and th 


ictually 


on plercing extruding operations next 


section of thi iter 


paper deals with this aspect in gre 


detail. Figure 10 shows the verv considerable increase 


a produc tion that is obtainable by 
However 


t of the evele to a 


time ill efforts to cut down this non pro 


ductive pat minimum, and all the 


expensive and complex mechanisms that are used to 


achieve this end, will be to no avail if the press is held 


overheated tooling, whether container liners 


up by 
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a reduction of idle 





dies. It is for this reason that much 
thought has had to be given to the problem of the pro 


mandrels, o1 


vision of effective cooling of press tooling. Quite apart 
from the obvious disadvantage of having to hold up 
production while such tools are cooled or changed the 
overall tool life figures become uneconomical, unless 
etfective cooling is prov ided., 


Protection from glass powder 
When used for 


certain precautions have to be taken, e 


glass lubrication is steel extrusion, 
vil the deposi 
tion of fine glass powder is allowed on sliding parts of 
the press, this could result in wear taking place in an 
extremely short period of time. Thus all press slides 
that cannot be effectively covered or protected must 
be titted with special materials which are either im- 
mune to the effect of glass powder or allow its removal 
to be easily carried out. Where such methods cannot 
be adopted (e.g. on rams and certain other moving 
parts of the press) these are protected hy bellows or 
fixed covers and carefully sealed against the intrusion 
of glass powder. Forced lubrication can also be used in 
some parts, as a means of preventing the glass powder 
deposition. 

Instrumentation of an appropriate type is 
regarded by press builder and plant operator alike as 
an essential part of a modern steel extrusion plant 
making it possible to see how efficiently the process is 
carried out, and a later section of this paper deals with 
this aspect in greater detail. 


now 


HYDRAULIC CIRCUIT CONSIDERATIONS 

The hydraulic extrusion press, and where applicable 
its associated piercing press, constitutes the kev unit 
in a steel extrusion plant. It therefore follows that 
since the extrusion press 1s the master unit governing 
output, it should be utilized to give the highest vield 
and efficiency. This implies, as previously indicated, a 
minimum of idle resulting in the maximum 
number of extrusions possible; furthermore, the press 
must be 


time 
correctly ‘loaded’, provided that the orde 
book permits this, i.e. it should always work at the 
highest power stage possible for any given conditions 
the ideal utilization being achieved when by appro 
priate selection of extrusion ratio, billet diameter, and 
length and a consideration of the other well known 
factors, it can be operated as Its Maximum tonnage 
The modern steel extrusion press has to operate at 
very high main ram speeds, sometimes in the region of 
12-16 in./s, and some idle movement speeds on the 


2 In.s OF 


latest presses also reach values of up to 2 
more, in order to meet the stringent requirements of 
short idle times. It might be argued that with a mini 
mum idle time of say 25 s. the need for a reduction of 
extrusion time proper from, tor instance, 6 to 3s is not 
worthwhile, not least bearing in mind the additiona 


f providing the valves and piping system neces- 


cost of 
sarv to achieve such extrusion speeds. The answer t 
this lies in the tool life factor; it 
when steel is hot worked 

the shorter the 


ind tooling 


is well known that 
whether by 
contact time between hot 
the longer the tool life: i.e. the less 
frequent the need for inspection, re-dressing, and re- 
placement of the dies, the better the plant utilizatior 
and the lower the cost of the product. Besides this 
productivity also increases with a reduction of extru 


as shown in Fig. 10 


die forging o1 
extrusion 


metal 


sion time 
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Hydraulic circuit efficiency ma n the order of 600-700d. It is 
The ability to provide high speeds of extrusion has ne » obtain a disproportionate 


however, to be coupled with the availability 0 », elency of working: it is necessary to distingul 


ippreciable proportion of the press tonnage. Thi fully between the concepts of hydraulic efficier 
SU of the rated press force has to be available at distinet from that of o Ul plant eficienes 

the same time as the required speed It is theretore 

proposed that for new steel extrusion press specifi Trend towards automatic operation of presses 


tions the hvdrauliec circuit efficiency is lai ) early extrusion presse vere hand 


vhere this is defined as yperator in the usual manner. W 


ing number ot valy | dictated 


Effective pressure available on main ram of press at 


| ‘vices being 
rated speed device INL 


P hI - plercer, container, locking 
‘SSI aval ‘ ace ato | . 

re ire avaliable at accumulator or pump eparator. die runout. dic 

It is undeniable that in the past such efficiencies had © id to attend to an increas 


+ 


values of 40-60°. and sometimes even less. This w: most awkwardly arra 

} ' 
ilmost alwavs the result of incorrect hvdraulic rey lubricating de Vices alt 
lesion. It was to a lesser extent also due to attention not only involved him in consi 


t 


not having heen paid toa correct | idiy g of the press but ais limited the speed at 
| 
Careful hydraulic circuit design involves that atten operated over long periods 


tion he paid to such aspects as pipe and valve fricti The next step was 
Huid compressibility, and water hammes 1e | » movements by 
is to avoid shocks in the system vi ontrols to 

It was at one time accepted as inevitable hy } press Phis mi 
third or even more of the pressure generated should be » be placer 
ost in ‘speed’, Inasmuch as this was deliberate. it may recessi ble 
have been the desire at one stage to ensure that the ment are 


press exerts its power under the condition of maximum Phis then n 


power transmission etficrency, te. the product of pres the press fron 


tonnage and rated press ram speed should be a maxi n front of hin 
it i ovate 
mum ntrol system 
This occurs when the hvdraulie losses in th ( the operator to co 
ire one third of the pressure head generated while no ton 
making if pos 
Let v--nominal pipe it rated pres 
I with the other 
\ ih I ! 
. extent and mor 
a. pressure head of 


1) vilabl ifa umul worl demanded, 
available at acc 7 oO ape 

, , ' Servo hand-lever actuation 
H,.- effective pressure \ ab 


lind semi-automatic and then fully at 
evlinders 
H, pressure l ot wa ) in tmetion i 


certain extrusion evecles. Where se 


' , matic Operation 1s vil for neverthele 
pipes ¢ . ti; between wcumulator ' . 
ilways arranged that the operator whet 


station and extrusion press evlinders 
necessary (e.g. for adjustment purposes o1 when a 


i constant 


' eel sticker’ has occurred go back to servo hand-lever 
ls saiane then alan iaihy dimen Operation or % ate push buttons or other hand 
H, iol operated switche S 
H. H k 2 ( onsiderable ssion has arisen on the aesira 
‘ ; ' 


bility of automatic working; experience has indicated 


Power available  . % . 
H aa ° that when a press is engaged on a simple extrusior 


INny \ " 1 ] 
evcle for a substantial part of its operating time, each 
Ditferentiating wa ! tins ae P P ~e 4 


CVC being identical with the next (« gy. on simple rod 
of profile extrusion), the 10 Cause for the 


maximum 


d (Power to depress i number of push button 


dy ; . sequence, 60 times or more an hour. throughout the 
H shift: under such circumstances automatic actuation 


: not only warranted but almost essential to reduce 


k,v’=s+ 
” human error, which can easily occur with the com 
i.e. when the hydraulic circuit losses are one-third of | plexity and operational speeds of modern extrusiot 
the available accumulator head, the press is operating — presses. 
under conditions of maximum hydraulic power trans For more complicated ext 
mission sionally advisable to interrupt 

However, this does not represent an optimum utiliz during certi 1e C\ 
ation of the extrusion press, which as previously men of working Is as semi-automati 
tioned should exert SO-90°. of its tonnage at the rated 
speed. Whereas the power cost of ‘pushing’ say a 25 in Choice of fluid, working pressure, and type of drive 
long billet of 9 in. dia. through the die of a 3000-ton For the extrusion of hot 
extrusion press may be only 10d, the cost of the con been used in hyd 


version of the whole billet to the final extruded tube — tration speeds 


steel, water has invarialb 


slic press circuits. Very high pene 


heing required for extremely short 
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periods of duration, air-hydraulic accumulators are — inere 


ised ram, valve, and pipe sizes, and at the high 
employed. The water is used in a ‘closed’ system to working speeds involved in the extrusion of steel the 
which 1-14°%, of soluble oil is added to avoid corrosion momentum of the larger moving liquid volumes cat 
effects and to act as a lubricant. By having a ‘closed’ be detrimental. 
circuit the same water is used continuously and only \s mentioned before, for hot steel extrusion press 
small amounts have occasionally to be added to the applications, accumulator drive only has been con- 
system for ‘making up’. sidered, as the volumes required per unit of time 

In the past, air-hydraulic accumulators have been it must be remembered that the total time of extrusio1 
employed with working pressures in the region of s only 2, 3, or at the most 4 s on modern presses 
2850-4300 Ib/in® (200-300 atm and as a rule extremely large. If direct drive were used 
5000 |b/in? (350 atm) was not exceeded, as a marked 


umount of oxygen absorption into the water appeared 


anda 


are 
the volu 
metric capacity of the pumps would be out of all pr 


portion, not to mention the very considerable ten 


to take place at higher pressures. Almost all accumu- 
lator plants installed in recent vears work at a maxi- 
mum pressure of about 4500 Ib/in* (315 atm), having a tions, however, direct drive is frequently used, for as 
mean nominal rating of 4300 ]b/in? (300 atm), whichis far as power requirements during extrusion are con 

cerned, economical operation is achieved, as the powet 
output required from the pump motors is proportional 
it any instance only to the resistance being met 


porary loads that would have to be carried by works 
mains. For many non-ferrous hot extrusion applica- 


considered to be a reasonable compromise ot the 
various factors involved 


The use of too low working pressure necessitates 




















Apart from the stated reasons why 
vccumulator drive is chosen for hot extrusion of steel 
there is also the idvantage of the possibility of feeding 


whit h Is 


previously 


more ss from one central station 


than one pre 
also desirable when a piercing press works together 
press Another advant ge of the 


1 certain interchangeahility of speed 


with an extrusion 


accumulator is 
ind pressure, although, as already mentioned 
10 and 20 
the generation ot speed i.e. between 30 and 60 atm 


hetween 
of accumulator pressure is allocated for 
for instance, are permitted in pressure losses through 
the piping and valve system (the same hydraulic pres 
sure loss problem exists, of course, in direct drive 
circuits as well). 

To achieve economical working the larger sizes of 
modern steel extrusion presses are provided with three 
four, tive, or even more power stages. It is necessary 
so to control the production programme that the press 
is ‘loaded’ as highly as possible 

Figure 11 shows the extremely large quantities of 
liquid required per unit of time as soon as high pene 
tration speeds are required, at high press tonnages; the 
rates of fluid draw-oft 


+ 


hvdraulic horsepowers at these 


are also indicated 


INSTRUMENTATION FOR STEEL EXTRUSION PRESSES 


It was decided 
3000-ton steel extrusion presse 


it would be 


that in the case of one of the 
that is shortly due to 


desirable te 


new 


rporate 


ippropriate instrumentation to give indica 


i better 
| 


tion to the plant operator und press builder of press 


pert rmance ind also to obtain more reliable data 
under production conditions 

Some of the main points of interest are 
(i) the variation in thrust exerted 

during the extrusion stroke 

il) the speed ot extrusion 
iil) the temperature of the billet 
Until recently. most extrusion presses 
fitted 


und a stroke 


with a few ordinary 


Indu ‘TOT It is. ne 


Bourdon pre 
wever. now 


both by press builder and plant operator th 


taneous record / t > I pressure peed 


Haffner and Séjournet Extrus 


It may be 


asurement o! 


and/or stroke is of vreat value Tinterest to 


elaborate here on the me principa 


interest 


Total press thrust measurement 
ently become the practice to fit 
into the 
total i 


It has ree 
transducers 


pressure 
main evlinders of presses, and 
vad exerted by the 
ssure. It is 
disadvantage that such 
records ¢ v indirectly indicative of the 
load exerted. When more than one cylinder pressure 
idds its 


three 


thus to assess the press trom 


the indication of hyd pre a simple and 


rapid method, bi 3 the 
f pressure are on] 
has to be measured (e.g. when 
that of the 
] 


ised with or 


total 


a piercer ram 
when a 
addition of a 
that 
such instances 


main ram, or 
yut the 


is the 


power to 


evlinder press Is with, 


I 


piercer cylinder) the load sum of 


exerted by the individual cylinders. In 
it would be 


transducers as there are 


necessary to install as many pressure 


evlinders and to employ a 


multi-channel recorder. An improved method of 


thrust measurement is a system in which the dis 


tion of an elastic medium on the press ts taken as an 


indication of the load exerted. In such a method the 


| ] 
elasti form of a specially 
' 


tne press 


medium can either take the 
or, tor Instance 
im be ad In thi latter 


he total extrusion load is measured by 


inserted element olumns 


solution nown 


" 
electrical ignals obtained from a 


res fixed to all three (or four. a 


might be) columns of the press. The gauges are wired 
of bending and 
The indi 


i! to give the 


in such a way as to eliminate the etfect 


to record pure tensile loads only vidual 


Olumn loads are electrically summed 


alue of the total load, irrespective of the combinatior 


if pressure cylinders used for a given extrusior 


tion: only one re der channel need be empl 


t} e purpose 
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press axis, resulting in considerable bending 


corne! 
moments existing in the columns 
there 


may he 


In a new and well erected 
should be 
that with 


occur mM practice as 


extrusion 
no eccentricity detectable at all: it 
very 


press 
time some small eccentricities might 
i result of an accidental slacken 
ing or uneven readjustment of the nuts on the press 
columns, the gradual wear of certain guide bushes, or 
a possible slight misalignment of the tooling assembly 
Where this tvpe 
of measurement might be desired by a press user as an 
additional facility, the wired with 
strain gauges in such a way as to eliminate the effects 
of direct load and only to show the strains due to 
bending ‘| his type of circuit has been developed and 


with respect to the press centre line 


columns can be 


patented for forging presses where it is calibrated in 
terms of bending stress and gives a continuous visual 
indication on 


a cathode ray suitably arranged 


to measure the eccentricity of loading at any time 


SCTeeh 


Provision can be made for a warning lamp, an aud 
ible alarm, or an automatic cutting off of the hvdraulic 
power, in the event of the bending stress on any one of 


the columns exceeding a pre-determined danger value 

\lternatively, as shown in Fig.12, the signals from 
the strain gauge circuits can be fed to another channel 
or channels of the recorder for the purpose of obtain 
ing a permanent record. Where no bending stress is 
present in 


a column, the relevant reading even under 


full press load is, of course, zero. 


Stroke measurement 


\ll modern 
scales 


fitted with linear 
indicating the stroke of the main ram and piercer 
Or mandrel move! 


eXtrusion presses are 
whereas this visual means is suffi 
ient for ordinary production purposes, the necessity 
of correlating the trace of the stroke with 
that of the total press thrust on a common record 


nay arise 


Extrusion speed measurement 


The correlation of extrusion speed with the press 
thrust is generally of more interest than the correlation 
f the stroke with the load. Although the extrusion 
speed at anv pot of the stroke could be deduced 


from the stroke record, this method is an indirect one 


ind does not lend itself for a rapid reading. It is there 
fore necessary, particularly in the absence of stroke 
records. to devise separate means for speed measure- 


4 
ment 


Temperature measurement 


The major location where temperature measurement 
is critical and has to be closely controlled is in the low- 
frequency billet induction heater. Billet temperature 
measurement in this type of heater is usually carried 
out by means of radiation pyrometers focussed on a 
point on the billet surface. These pyrometers are suit- 
able for temperatures up to 1400°%C 
extrusion 


but normally the 


L050 
und L350°¢ depending on the type of steel involved 


the pvrometers are connected to temperature record 


temperature range varies between 


ers 
The 


press containers 1s 


the 
but 


temperature measurement of extrusion 
also undertaken presents no 


special problems 


thermocouple arrangement. 


employing a_ straight-forward 
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Instruments 


In order to secure records ot 


permanent 
obtained from any of the above points of measure 


signals 
ment, a further instrumentation unit is required, and 
this generally consists of an amplifier and a recorder 

The instruments available on the market vary from 
then 
tracing 


another in 
method of chart 
are divided into 


one 


{ haracteristi S, the 
final They 


response 


ind accuracy 


i) the industrial recorders of the 


type 


pote ntrometriu 


ii) the laboratory instruments of the 


meter or cathode-rayv tube ty pe 


graivano 


The robust industrial recorders are fitted with long 
and wide charts, are stable do not 
quent re they little attention or 
maintenance and are well suited for applications such 
They have. 
frequency response which, in the fastest recorders, is 
of the order of 4 ¢/s only. 

Laboratory-type pen recorders are effective for fre 


and 
need 


require tre 
calibration 


as extrusion plants however, a_ low 


quencies up to 8O c/s, but they are more sensitive and 
require careful handling and adjustment 

In plants where the main emphasis is placed on 
routine production records rather than 


the 


temporary 


research investigations choice is the 


industrial recordet 


natural 


INDUCTION HEATING OF BILLETS BEFORE 
EXTRUSION 
General considerations 
In recent vears considerable developments have taken 
place in applying low-frequency induction heating to 
billets for steel extrusion. The induction heating tech- 
nique varies from other forms of heating in that the 
heat is actually generated within the billet; also it does 
not depend on heat transfer to the billet from heated 
surroundings 

Induction equipment classified 
according to the frequency of the alternating currents 
fed to the induction coil in which heating takes place. 
Thus ‘high’ and ‘medium’ frequency equipment 
employs currents at frequencies greater than those 
used in commercial supply networks, while ‘low’ fre- 
queney equipment operates directly at the supply 
frequency 


heating mav be 


This latter tvpe of equipment eliminates 
the converting machinery, which is expensive both to 
install and maintain, having regard to the 
needed for extrusion requirements. For this reason it 
is not surprizing that the demand for clean and rapid 
precision heating of extrusion billets has been met by 
applying mains frequency induction techniques. 

The comparatively high values of electrical resis- 
tivity common to all steels impose physical limits on 
the minimum diameters of billets in these materials 
that can be efficiently heated to extrusion tempera 
tures using mains frequency equipment. However, this 
limitation has not proved to any degree restrictive 
since the demand has in practice corresponded with 
trends larger 
larger billet diameters 


power! 


towards involving the use of 
An indication of the variation 
of coil efficiency with billet diameter, when heating 
stainless steel at 50 ¢/s, is shown In Fig.13; this is based 
on typical billet lengths as used for extrusion, and 
allows for each diameter an appropriate air gap clear 
ance between billet o.d. 


presses 


and coll d 





It will bye 


Het diamete 


SPOT) 


t} 


he more economy! 


lepending on th 
preferable to 

alia “1hice 

> than offset the 


Ist 
ll 


Advantages of low-frequency induction heating 


Some of the maim ws that ha 


If the 


billet 


worki 

temperature 
immediately 

setting knob. Optimum tem) 

nce established. car 

ducible at wil 

vratmime at any 

reduction in 

urhnaces 

low frequenc 

idapt tote to 1 nm im schemes 

mechanical h | | ind for incor. 

Tron in semi eXtrusi 

operation 

elimination of man 


itenanece 


the virtual 


pared to conventional furnaces (no majo 


adowns for re rickin i spare « 
titted in less 
press tooling 
Hoor 


giving increased room 


reduced Spares requirements 1h the 


ng area for production 


no heating chamber ot anv size is re quired Phe 
first hot billet is ready for extrusion withi 


minutes of starting up. thus eliminating heating 
ty) tine 


| ind 


power consumed is 


saving 


manpower. Moreover. the 
proportional on] 
billet output: no he: ig Is 


duction 
changing 


required 
interrupted for tool chee] 
or for other reasons 


improved shop conditic ns. due to the absence 


fumes and heat wastage to surroundings 
greatest possible flexibility in production pro 


grammes: alloy is changeabl 


within i “ 
seconds 


9) virtually scale 


rhe low frequency heaters can. if necessary 
work with a reducing atmosphere in the heating coil 
but it has often been found that 
air gap and the thermal conditions existing 
with the heating 


while heating is negligible, 


owing to the small 
together 
time, scale formation 


very short 


Economic considerations 


impossible to give heating 


costs that 


ll conditions when heating 


It is, of course 
will apply exactly undet 
steel billets 
teristics of different 


ited that the rate « v havea notable ettect 


\part from the varying physical charac 


materiais, it 1s often not appreci 


that certa 
consistently ane 
billets , 
Further 
heating-up \ ind 


result 
hold-ove 
this wi 
itest 1 ( ince In é plar 


alm st neglected 


ol the ore 


working 


can be 


ecurs 
It is alse 
heaters have 


interestin tx note that 


heen installed te supersede COl 


fuel-fired furnaces. an increase in producti nm pel 
This i 
ted to the mechanized billet handling svstems 
with induction 


however, the flexible performance combined with the 


hour has consistently followed In part attribu 


reney 


ally associated heating installations 


fast rate of heating inherent with induction heatir 


ilso contributes to this result 
Furthermore. for the preheating of awkward special 
thermal shoc] 


which are sensitive to 


heated at a 


materials 
] 


which have to be slower rate lon hori 


zontal preheating coils are used. The use of inductior 


preheating shortens the required to reach 
necessary temperature, ; nethod of heating 
not have to rely on |} it 
hot ch 


amber 


Design and construction features of mains frequency heaters 
\ general division car 


methods of 


aiternati 


eonstruction 
l heater with horizontally 


”) heaters wit! 


Journa 
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oice between these will be decided by 
Kach of the above main group 


may again be sub-divided into heaters having 


Usually the ch 
the billet sizes involved 
mmodate more than one billet at a 
y preheating coils) 


acct 


time (long coils, e 


ii) coils to accommodate only a single billet at a 


time (short coils 

The above may be combined, as required, to suit the 

though for 

isons the vit best 
the heating of This 

f construction has a very general application for 


particular technique to he employed 
Is 


vertically mounted ec 
time 


physical re 


ipphed to single billets at a 
fc rim 
‘el extrusion requirements, since it reduces wear and 


to the 
handling 


damage high-temperature coil lining during 


hillet ind is adaptable for adjustment. te 


give desired temperature patterns, and for the use of 
controlled atmosphere heating should this he needed 
i 
horizontal coil heater 


particularly where billets are required at 


However, the | also has 


applications 


ny 


sal ’ ! 
reguiar interval 1.e 


rmittent and irregular interruptions 


the programme will not be unduly 


broken up by inte 
In steel extrusion pl 


ant this would apply more genet 


lly to the needs of piercing rather than final extru 
Ion 
Other features o 


hea 


well designed mains fre quency 


iction include 


witch to control the current t 


he iting coil 
fadiusting t o , t he coil 
vdjusting the power input to the cou 
) This is ¢ 


particiulal requirements 


to 


ymmonly 


14 


achieved by feeding the coil through tapped 
transformers) 
a bank of power-factor correction capacitors, 
the heating low inherent 
power factor 


since coils have a 
means for loading and unloading billets in the 
coil. This may be achieved by either pneumatic 
or hydraulic means with electrical controls, en- 
suring that the operations are performed in the 
correct automatic sequence; alternative manual 
control may also be desirable for starting up and 
emergency conditions 

means for controlling the temperature of the 
billet. For this duty, thermocouples, radiation 
detectors, kilowatt-hour relays, and timers may 
be used in individual installations 
water-cooling 
to prevent 


coils 


system, 
the 
other 


an efficiently designed 
incorporating safety 
the 


essential components. 


devices 


overheating of induction und 


In view of the heating times required for steel t 
establish an optimum heat pattern within the billets 
it will often be found that multiple units are required 
to comply with the production requirements. The 
demands of the minimum of heating time and the 
‘orresponding power input required, will determine 


oO the rating of each unit 


Figure 14 shows a typical group of short vertical coil 
heaters intended for incorporation in one multiple unit 


installation 





Andrew Carnegie Research Report 


The activity of ferrous oxide in silicate melts 
containing calcium and manganese oxides 


/, M. Davidson, M.Eng., and C. Bodsworth, M.Met., Ph.D., A.l.M 


INTRODUCTION SYNOPSIS 

4 PREVIOUS PAPER! one of the authors ( 
variation of the activity of ferrous oxide wit] 
miposition in the ternary system 
in the temperature range 1265 


FeO-CaO_SiO, and da 
L365 ¢ } | j 
H,-H,O 
positions investigated the relationship er roy 
: 1365°C. it 
logarithm of the ferrous oxide activity ole 
fraction was found to vary linearly with temperature 
ind this relationship was used to obtain corresponding 
values of activity and con position at L600°C so that 
experimental results 


making conditions. The 


+ + 


at this temperature 


the could be related te 
curves 

could also be con 

earlier results of Chipman and _ c« 


iIpared 


WOrkers*>" 


have been replotted by Elliott,? and with 
caleulated from the availablk 


Pearson® for melts covering the 
compositions encountered in stee 

A reasonable agreement wa 
three sets of data 


lime content 


‘Imal esses 
reported hetween thie , ‘ 
it low lime concentrations but as the tra polated 
was increased beyond 2) m > ) ( € Approciund ( of the iso 
extrapolated iso-activity lines were located tour ! 
ferrous oxide c its than 


were sugveste 


discrepancy 
the earlier 
ternary 
' 


rom more complex melts 


As 


: : l n t ictivity 
: : P “if - ; ’ ; xs - / t oreti yrounds it 
eimaking slavs an i hos ‘nh Int! acne 


equivalence sh 
rhe principle constit ts uch s rs I i ay 


ould eXist maeed Ih 
* i . meits the 
xide, silica ne th the r 


wctivity of m LnvAaAnese ¢ 


; re ; concentrations than that f 
it } | 1\ na 


cide is 
r lime and ts k 
iponents preset 


‘ 
aie. to that t is oxide. Further, a 
However, in certain 


tor terre marked ce 
lity 


ideality occurs in FeOQ—CaO 
: ‘ ind Manganese Oxice If 
ticulariy in refining igs 1} hi on 


; from tem wv 
become one ot the m reco ( | 
4 rin 1dea 


H | | {ten assumed that ferrous 
sition range nce a logical sion of nt 

p range. ene oth Mel) at) aoe 
programme has nan ex hain all tien altinek iom _ a 
the 1cLIVIT) { terre p expected 


} : : XTC lt 
idditions to the FeOQ—CaO_NSiO, ternary melts 
‘ . : ; lerrou 
Complex mel ontaining 1 nes¢ < have 
\ , . ‘ viour. 


*Xammine whe 
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inlet prot so that it just broke the 


| ! 
achieve thi the probe was located 


electrical contact devices 


Method 
The 


issaved at this 
») 


Occasional melts were 
icted for a 


t-h period to ascertain that equilibrium had indeed 


icted tor 4 h 
stage and then further re 


meits were re 


bee nh read hed No significant ith rence Was found in) 
the final composition of any of these melts and it was 
How 
ever, the presence of two high melting port silicates 
inh the 
homogenization period before the introduction of the 


concluded that the 4-h period was satisfactory 


mixture required a prolonged melting and 
vas mixture 

The possibility of errors arising from both incorrect 
ind lack of 
mized by adopting a pre-melting treatment. The rea 
held at the reaction 
temperature under a nitrogen atmosphere for at least 


2? h. The melt was then allowed to 
erucible 


probe location homogeneity was mini 


tion crucible and its contents were 


solidify and the 
was withdrawn from the furnace in the nor 
inner. Before the start of the equilibration run 
the probe tip could then be located relative to the 


molten slag 


1 
mai mn 


surface with reasonable 
height of the solid 


accuracy by 1n- 
spection of the slag line and the 
surlace 

Frequent checks were performed On melts in the 
KFeQ—-SiO, and FeOQ-CaQO_—siO, systems and the results 
obtained data.?+> A 


obtained 


were compared with previously 


satisfactory avreement was 


eparation of materials 


tock mixtures ind ferrous silicates were 


of caletum 
prepared as described previously.! The stock mangan 
ese silicate mixture was prepared by fusion of pure 
99-9° MnO 


L350 ¢ 


manganese oxide powder with tine sand 


in a platinum crucible at The crucible was 
held at temperature for at least 4 h before its contents 
were cast on to a cold steel plate. The material was 
then crushed and analvsed. The manganese oxide con 
tents of the prepared silicate 
50-60°>MnO. During the preparation a small loss o 
detected 
volatilization and possibly by solution in the platinum 


dish 


were in the range 


manganese was this was probably due to 


V ethods of analysis 
The contents of the 
melts were determined as described previously 


reacted 
Silica 


ferrous and ferric oxide 


manganese oxide, and lime were initially assayed by 
normal wet methods and subsequently by 
photometric techniques. In the 
determined by the mol bdenum-blue method of Mullin 


spectro 


latter case, silica was 


oxide 
ion,’ and calcium oxide was determined. after removal 
of iron and y titration of the buttered 
solution with ethvlenediaminetetraacetic acid using 
Eriochrome Black T end of 
the investigation caleium was determined with a flame 
calibrated standard 


Riley 


10 


and manganese as the permanganate 


manganese, DY 
as indicator. Towards the 


photometer against calcium 
olutions 

All assays were performed in duplicate 1 triplicate 
considered 
in the 


Since 


with the exception of ferric oxide are 
within 0-25 Phe 
is considered to he ()-4 


two titra- 


wna 

orrect. te wcuracy 
oxide 
obtained as the 


total 


of terri 


the value was difference in 


tions. The inalvsis was considered satisfactory 
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and Steel Ins 


ate melts 


provided the sum of the determined components fell 
within the range WYO LO1-0 \ tew melts whic h on 
this basis found to be unsatistac 


wert torv were re 


ass rived 


Results 

The studied in the 
investigation! was limited to slags slightly less acid 
than the pseudo-binary jom CaO /siO, =] by the 
liquidus boundaries for the FeOQ-CaO-SiO, system at 
the experime ntal temperatures In the present case the 


composition range previous 


field amenable to investigation is restricted by the 
liquidus limits of the FeO-CaO 
MnO SiO 
the phase 
planes in this system there are 
for the ce 
data tor the 
dictors 
\ linear extrapolation in the appropriate temperature 
between the FeQ-CaO-SiO, and FeO -MnO 
Thus it is impossible to 
f liquid melts in 


qu iternary svstem 


\part from an investigation by White!! of 
GOO Co on certain 
| 


relationships at about 


no experimental dat 
mposition limits. Indeed the 
FeO—-MnO-SiO 


“and it is not considered satisfactory to make 


{ i 
equilibrium 


“Vstem are contra- 


range 
SiO, liquidus compositions 
locate with any accuracy the range « 
the quaternary system. 

However, the evidence available does suggest that, 
relative to the liquidus limits in the ternary system at 
1300 C those for the 
{'aQ MnO contents 


contents. It was 


quaternary are expanded at low 
contracted at high 
decided accordingly to investigate 
ind 12 mole-° | MnO within the 
FeQ—-CaO-SiO, system. No evi- 
from the appearance of 
reacted material or from the consistency of the result 
ing data te 
had been exceeded 

For comparison with the data previously obtained 
for the FeO CaO_SiO, svstem! the present study was 
confined to the three experimental 
1 265° 1305° and 1365 °C. With 4 and 7 
ganese oxide additions the field of 
covered the activity range 0-1-0-7 but attempts to 


ind ile 
melts containing 4, 7 


range for the 


liquid 


dence was obtained either 


suggest that the true liquidus limits in fact 


temperatures 
mol man 


Investigation 


locate the O-1 activity curve at 1265 C were unsuccess 
ful, probably due to the close proximity of the liquidus 
surface. Similarly, with 12 mole-' oxide 
present consistent results limited to 
greater or equal to 0-2, at the higher temperatures and 
OS at 

bevond activities of 0-7 since such data would be of 
only theoretical interest and is not pertinent to steel 
Further the ferrous oxide satura- 


Manvahese 
were activities 


1265 C. The investigation was not extended 


making conditions 
tion surface in this range is again not clearly defined 
The 


oxide activity values for 75 slags for which complete 


compositions and the corresponding ferrous 


analy ses are available are recorded in Table 1. From 
data the iso-activity the FeO 
CaO-+ MnO)-SiO, system are drawn on a mole per- 
centage basis for the three temperatures examined 
Figs.1-3). The intercepts of these contours along the 
FeOQ-SiO, binary edge are taken from the data for the 
binary svstem!.* and the activity contours for the 
MnO-tree included for the purpose of 
parison 

Melts containing 4 and 7 were 
ited initially and it appears from these data 
that the displacement of the iso-activity curves from 
the location of the corresponding curves in the FeO 
CaO-SiO, system was approximately a linear function 


these contours in 


melts are com- 


manganese oxide 


Investig 





{ the mang 

sitions for a uy 

mole MnO were 

ulter equilibration { 
oxide had occurred 
relationship not 
oxide addition. The 
moved to lower iron oxide 


increase in the equilibri in 


TABLE | Equilibrium data 
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1 Ferro le iso-act ty ur n the FeO-(CaO VWnO 
SiO. « tem at 1?65°¢ 
2 to 6°, was found. The compositions of melts which 


but these 
melts were taken into consideration in the construction 
if the iso For 
tion at any specific activity the curve should not lie 
loser to the FeO apex of the system than the position 
fa melt which did not increase 


showed no such increase are not shown 


activity curves a given silica concentra- 


in iron oxide content. 
The previous investigation of the FeQ—CaO-SiO, 


svstem revealed that the ferrous oxide activity was 


markedly dependent on temperature whereas ho 


temperature effect could be detected in the binary 
ferrous silicate system. A variation of activity with 
temperature Is again apparent in the results for the 
juaternary svstem FeQ—CaQ—MnO-SiO0,.. The equi 


iorium Compositions at any activity level for each of 
titted by 
‘wCTIVITY 


the three experimental temperatures are 
The 
vith varving manganese additions and temperature 


smooth curves curves for a given value 
again extrapolate back to a single point on the binary 
edge. In general the variation of activity 
perature in the quaternary melts is smaller than that 
reported in the FeOQ—CaO-_—SiO, system. 

rhe results at the three experimental temperatures 
n the system best fitted at the 0-6 
k i by a smooth curve Fig.4 of ref.) At 
higher activities the iso-activity curves were displaced 
tn thi 


oO 
Hl 


with tem- 


ternary were 


itTIVItV leve 


mtents 
reverse 
than 0-6 


of manganese 


: 
her ferrous oxide « with increasing tem 


perature condition applied at 


Similar 


whereas the 
etivities | hehaviour was ob 
erved in the 
und that 
was displ iced to lower activity 


wet 
presence oxide but it was 
this reversal in temperature dependence 


values with inere 


manganese oxide additions. That is. the activity data 
tor the three experimental temperatures are best titted 
Vv asingle curve at the 0-5 and 0-4 values with resper 
tively 7 and 12 mok manganese oxide present. In 
the lower activity rar re th slope ot the iso-activity 
irves for the 12 molt manganese oxide addition 
liffer significantly from the slope at lower concent) 
tions. At the 0-3 activity level the curves for the 7 and 
2 mole vdditions converge with increasin liea 


ind extrapolation to the silica 
the FeQ-CaO_SiO 


saturation boundary in 
the curves 


re sult 


suggests that 


syvsten 


ersect. This effect is considered te from the 


nange ot | eation ol the silic i saturation surtace vith 
varving manganese oxide additions 
When the tinal analyses of the melts were compared 


on and Ste el Institute 
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et 
* 
x 
at * 
x vy © > 
» A 
< $4 
5 
mein he 2 
4 4 ~—h 
tivity a 2) ry 
> 
4 mits in the 
re yster ? 
_ x tal 5 | 
MnO). mole 2 
2 Fe mus oxide iso-act ti ¢ n the FeO-(CaO ~— MnO 


SiO, system at 1305° 


with the compositions of the starting mixtures correct- 
ed for the increase in iron oxide, the manganese oxide 
content was found to have decreased. The was 
found to increase relative to the 
content of the initial mixture and to be 
0-5-2-0%. A number of melts 
assayed for manganese oxide by alternative methods 


loss 
manganese oxide 
in the range 
were therefore re- 
but no significant difference was detected in the man- 
oxide concentrations. In addition the total 
analyses were not consistently low, suggesting that all 


granese 


the manganese present had been determined. It was 
that the have from 
ibsorption of manganese in the iron crucible during 
the reaction period. Reacted crucibles were therefore 
cleaned of adherent slag and the inner surface below 
the slag line was removed to a depth of 0-03 in, 
Analvsis of this material gave a mean value of 0-07°%, 


considered loss may resulted 


manganese whereas analysis of the unused crucibles 
gave a figure of 0-03°,. The difference is within the 
limits of the experimental analytical accuracy and is 
not considered to be significant. However, if this 
difference is real and the manganese content of the 
whole crucible had increased by this amount it would 
still be far from sufficient to account for the total 
manganese loss It is possible that manganese was lost 
from the melts by volatilization and this tendency had 
noticed in the preparation of the manganese 
mixtures. This further 
supported by the appearance of a dark deposit at the 
cooled ends of the furnace tube. A satisfactory analysis 
of the deposit was not possible since it was absorbed 


een 


silicate master suggestion Is 


into the porous surface of the refractory and could not 
he collec ted. 

Variation of the ferric oxide content of equilibrium melts 
ferric oxide 
ions in the 


The accuracy of the determination of 
to the small number of ferric 
ind there are insufficient data at any tempera- 


1u tify a 


relative melt. 


iow 


ure and manganese oxide concentration to 


cle t tiled examination ot the variation of the ferric to 


ferrous ion ratio. However. veneral « bservations can 


by comparison of the ferric oxide contents 
Table I with those for the FeQ CaO S10, 
system 

In the present investigation the ferric oxic 
varied $-6' the higher 
being found at the higher a¢ | 


content 
concentrations 


No significant 


from 0-7 
g tivity levels 
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variation was observed with temperature. These 
values are somewhat greater than those previously 
reported for the ternary melts, the difference being 
most pronounced in the presence of 12 mole-°,, man 
ganese oxide. This observation is at variance with the 
results of other workers!* ind this point 


further investigation. 


warrants 


Derivation of the 1600 C iso-activity curves for the 

FeO-(CaO- MnO) SiO, system 

It has previously been shown that at constant com 
position the logarithm of the activity of ferrous oxide 
in the FeQ—CaO-SiO, system is a linear function of 
temperature. Thus the ferrous oxide iso-activity 
curves were obtained at 1600°C by linear extrapola 
tion from the experimental temperature range. A 
similar procedure has been adopted for the present 
results and the obtained 
shown together with those for the ternary system in 
Fig.4. 

Since a linear extrapolation is employed it is obvious 
that the values of activity and composition at which 
the curves for the three experimental temperatures 
are superimposed will he unaffected by the tempera- 
ture adjustment. When the temperature is extended 
linearly it is found that the extrapolation lines are con- 
vergent, such that the range of activities at 1 600°C is 
restricted in relation to those inve sticated Thus with 
additions of manganese oxide the extra 


iso-activity curves so are 


12 mole-' 
polation of experimental data vields activities varying 
in the limited range from 0-36 to 0-41. 


DISCUSSION 

I he iddition ot ‘ alk ium oxide to molten silic ates Causes 
in the activity coethcient of ferrous 
xide. The present investigation has shown that the 
replacement of lime by manganese oxide lowers the 
activity coefficient to values intermediate to those 
found in the binary silicate and in the FeOQ-CaO-SiO 
ternary melts. A similar observation applies to the 
extrapolated iso-activity curves at 1600°C. The dis 
placement hetween the latter and the corresponding 
urves of Elliott? and Turkdogan and Pearson® is 
sreater than that previously found for the MnO-free 


melts 


i marked increase 


It has been suggested that manganese and calcium 
yxides have equivalent effects upon the activity of 


ferrous oxide*)®.® whereas the present results show 


nd Bodsworth 
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that this is not on either a 
weight percentage basis. Further the extrapolated iso- 
activity curves at 1600 C suggest that the differences 
increase with increasing temperature. It is recognized 
that the location of the iso activity curves at 16007 
for the tentative 
ind that their positions are less accurate ly determined 


clearly true molar or a 


melts containing manganese oxide i 


r curves for the ternary system 


than the correspondin 


However, a considerable change from the linear 


temperature relationship would be required to cause 
the two sets of data to converge at the higher tempera- 
ture. No deviation from a linear temperature depend- 
ence was found in the experimental results and there 
ggest that such a change should 


occur with increasing temperature. 


seems no reason to su 


The suggested equivalence of lime and manganese 


; 


oxide was made initially on the basis of the results of 


However, these melts als 
was suggested that all three basic 
effect on the 
In view of 
the present results it could be argued that the activity 
is lowered by magnesia, such that the sum effect of the 
ind 


Chipman et al “s contamed 
and it 


oxides were in fact equivalent in their 


Inayhnesia 


activity of ferrous activity on a molar basis 


manyvanese mayvnesium oxide contents were 


equivalent to an equal concentration of lime in Chip- 
However 
has recently been determined by Fischer and Spitzer 


man’s melts the activity of ferrous oxide 


in melts consisting primarily of calcium, magnesium, 
In the range 1520-1 680°C the activity 
of ferrous oxide was raised by magnesium oxide rela 
tive to the 
ferrous oxide 


and iron oxides 


values found in mixtures of 
The 
between the curve 
Bishop et al.* 


lime 
experimental! points are lo 
FeQU melt 


line representing Raoult | 


obtained for 
and the 

Thus it would appear that both magnesia 
ganese oxide raise the 


und n ill- 
activity of ferric oxide although 


the composition ranges at lich these 
( bserved do not coineide 
obtained in basic melts wherea 


data are restricted to more acid c 

ever, the displacement between the iso. 

for melts containing manganese 

in the FeO0—-CaO-SiO 

increasing basicity within 

studied. There 

should be 
Turkdogan and Pearson 

the effects of the thre« 

their data were obtained from melts containing phos- 


eurves 


is noey 
reve rsed 
have 


t 


ure equivale nt bu 


basic oxide 


phorous pe ntoxide and alumina in addition to the five 
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TABLE I! lonic equation data 


ferrous oxide in silic 








the 
system is so complex that a number of opposing effects 
will occur and it is difficult to analyse the effect of each 
oxide on the activity of ferrous oxide 

The effects of manganese and magnesium oxides are 
in line with the behaviour which would be expected 
from theoretical considerations will be 
dealt with in a later paper 

It is interesting to examine the present results with 
respect to the attainment of the equilibrium distribu- 
tion of the various elements under open hearth steel 
making conditions. It is generally recognized that, with 


components previously considered. In this case 


and which 


the exception of carbon, these distributions are at, or 
very close to, equilibrium by the end of the refining 
period, but the oxygen concentration in the metal is 
greater than that calculated from the carbon-oxygen 
equilibrium data. Further, it has been shown that the 
metal content calculated from the ferrous 
oxide iso-activity curves of Chipman et al. and of 


XVEeN 


Turkdogan and Pearson is considerably greater than 
that actually present in the metal at this stage.17.'§ 

It is unfortunate that the liquidus limits in the 
present experimental temperature range precluded the 
amination of slag compositions typical of those 
but it that at 
ferrous oxide contents the value of zpeo is considerably 
lower than was 
Thus if the 
from an extrapolation of the present 


the 


ound it 


encountered in practice, is clear low 


suggested by the earlier investigations 


metal-oxvgen contents were caleulated 


mo-activitVv con 
would lie closer to those 


tours values obtained 


I practice 
Application of an ionic expression for the activity of 
ferrous oxide 


the ulting a number of 
the 


it would he 


To avoid necessity of cons 


activity-composition diagrams to determine 


of terrous oxide 


! in complex melts 
ful if the 


activity could be derived quickly from a 
has been shown that the 


FeQ—CaOD SiQ), svstem ¢ 


simple equation, It activity 


ternary in be omputed 


ith Unie 


with reasol able wceuracy by means of the { lowing 


equ ion 


where is the activity coefticient in the FeO 


YFeo(B) 


SiO, system at the same silica concentration as the 
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‘complex slag considered, and x is an arbitrary constant 
qual to 19000 at 1365 C and 30000 at L600 C 

The activities calculated from this equation at 
1365 C are compared with the experimentally deter 
mined values for manganese oxide additions of 7 and 
12 mole-°,, in Table IT. The agreement is reasonably 
good except at the ratio of CaQ/Si0,—0°5 with 12 
mole-°) manganese oxide present. In this case the lime 
concentration is less than that of manganese oxide and 
the experimental melts approach closer to the FeO 
MnO-SiO, system than to the FeQ—-CaO-SiO, system 

Table IL also contains a comparison of values caleu 
lated for 1600 C with those obtained by extrapolation 
of the experimental data for melts containing 7 mole 

», Manganese oxide. In this case the agreement is 
somewhat less satisfactory but, as stated earlier, these 
extrapolated curves are not considered to be located as 
iccurately as those for the manganese oxide-free 
melts , 

It is interesting to note that the equation does not 
contain a term involving the manganese ion concen 
tration and yet the fit of the caleulated values is 
almost as good as that in the ternary system. This 
suggests that over most of the composition range to 
which the equation is applicable manganese oxide acts 
is an inert diluent. This would be the case for instance 
if the 
was almost ideal. The equation could be made to fit 
still the 
raised to a powe! 


activity of ferrous oxide in manganese silicates 


results more closely if 


the experime ntal 


manganese-ion concentration low 


final term. However. this retine- 


were included in the 


ment is not considered worth ineluding at this stage 


of the 


| 


cle velopment otf the e yuatiol 


CONCLUSIONS 
The 


ence ot 


ictivitv of ferrous oxide is lowered by the pres 


manganese oxide relative to the values found 
nthe FeO-CaO S10, system but the magnitude of the 


change is not a linear function of the manganese oxide 
concentration 

Within the present experimental temperature range 
the oxides of manganese and calcium are not equival- 
ent on either a molar or a weight percentage basis in 
their effeet upon the of ferrous oxide 
extrape lation ot the experimental data suggests that 


also pertinent to 


wctIVITY Linear 


this observation is higher te mpera- 


tures. 
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The ferrous oxide activity in the quaternary system 
FeQ-CaO-MnO-SiO, can be computed with reason- 
able accuracy by means of an empirical equation when 
manganese oxide is considered as an inert diluent. This 
indirect that mixtures of 
manganese and ferrous silicates behave almost ideally, 
mixtures of ferrous 
show pronounced deviation from this law 


is regarded as evidence 


whereas ealeium and silicates 
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AIME 


A thermodynamic study of dilute solutions 
of sulphur in liquid iron, cobalt, and nickel, 


and binary alloys between these metals 


C. B. Alcock and L. L. Cheng 


INTRODUCTION: THE BINARY SYSTEMS 


THE FREE ENERGY of solution of smallamountsofsulphur 
in liquid iron has been established by Chipman, 
Sherman, and Elvander,! the corresponding data for 
sulphur in liquid cobalt and nickel being still some- 


what uncertain. The gas equilibria 


pH S 


Hi HS K 
, pH ait-* 


have therefore been studied at 1540°C using the 
equilibration technique described in a previous paper® 
where it was shown that the partial free energy of 
solution of sulphur in dilute solution in liquid nickel 
was about 2-5 kcal more negative than that in super- 
cooled iron at 1500 C, and about the same amount less 
negative in the case of liquid cobalt compared with 


iron. The present research has confirmed this s¢ quence 


of stabilities for the dilute solutions of sulphur in the 


liquid iron-group metals. It has further been shown 


ber 1959 


1 of Mines, Le 
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The authors are at the 


SYNOPSIS 
A study has been made of the thermodynamu property 
of dilute 
nickel at 1540°C’.. Measurements have also been made of 
the hehaviour of 
cobalt-nickel, and nickel-iron at the 
The experimental technique consisted of bringing 


solutions of sulphur in liquid iron, cobalt, and 
sulphur in the liquid alloys iron cobalt, 
same temperature 
small 
heads of pure metals and alloys to equilibrium with qas 
of H./H.S of controlled ratio. The 
content of the heads Was analy ( / hy the OLYdGEn COoMm- 
hustion method. 

—— 
activity coefficient of 


. ulph ur 


mixtures 


] 


sults in the alloy af wdlic g ttion of the 


com poOsi- 


ola 


for the 
sulphu ai ) the u ue 
tion range of the hinary all YS are discussed in terms 


and are with those for other 


in the 


the ory 
if ule s 


imple 
dilute se 


com pare (f 


1782 


‘ all Ys 


that whereas sulphur departs measurably from Henry’s 
law in dilute solution in liquid iron, the solutions in 
liquid nickel conform to this law up to at least 6 at 
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Metallic beads for equilib 
rium studies 

alumina ‘gutter’ 

water cooling coil 

drying agent (Anhydrone) 
alumina tube 

equilibrium reaction furn- 
ace 

H,S gas producing furnace 
large gas sampling volume 
small gas sampling 
Zn(Ac), solution 
mercury 

glass mullite joint (Arald- 
ite) 

flow-rate meter 

dibutyl phthalate 
electromagnet 

Hg manometer 

collapsible H, gas reservoir 
strong NaOH solution 
soft iron in glass casing 
gas circulation pump 
sighting window 

gas bubbling bulb 
Cu/Cu,S for generating 
H,S gas 

glass non-return valves 
glass wool 


volume 
































Two-furnace gas circulation apparatus for gas/liquid equilibrium studies 


In the liquid cobalt solvent, the maximum sulphur 
content which was studied was about 1 at-°/, and no 
deviation from Henry’s law could be found. 


TERNARY SYSTEMS 


Alcock and Richardson? have recently proposed that 
the approximate solution of the ternary Gibbs-Duhem 
equation for the activity coefficient of a dilute solute X 
in a binary liquid solvent A-B 

AGXS(A-B) 


log Vx, 


Na log y 
A -B) A BY x, 


+ Nplog y 


A) X(B) 


should apply when log yx,q) is not very different from 


log yx:p)- This implies that the coordination shell of 
an X atom in the solution is made up of A and B 
atoms in the proportions of their respective atom frac- 
tions in the solution. 

The results for the activity coefficient of sulphur in 
the alloys which were studied in this research agree 
quite well with those calculated from the equation 
quoted above. 


EXPERIMENTAL APPARATUS AND PROCEDURE 

The apparatus, shown in Fig.1, consisted of a gas re- 
circulation system incorporating two platinum-wound 
furnaces in series. The lower furnace, F2, was used to 
heat an alumina boat containing liquid Cu-Cu,S 
having sufficient sulphur content to supply sulphur, 
via the gas phase in a H,/H,S mixture, to the eight 
metal beads which were held in an alumina container 
heated by the upper furnace Fl. The metal beads 
weighed between 500 and 900 mg each. Morgan 
recrystallized alumina tubes 4RR, were used as reac- 
tion tubes. The beads and the sulphur source were 
introduced into the furnaces against a fast flowing 
stream of pure argon. The apparatus was then evacu- 
ated, leak tested, and filled with hydrogen at the 
beginning of an experiment and the gas was then 
circulated by the pump R. The experiments each 
lasted about 14 h (overnight) thus allowing sufficient 
time to permit the attainment of equilibrium, which 
had previously been shown by radiochemical methods 
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to require about 5 h. At the end of a run, the beads 
were quickly removed from FI under a nitrogen 
atmosphere and a gas sample was extracted and anal- 
ysed for the H,/H,S ratio. The H,S content of the 
sample was measured by absorption in 5% zine acetate 
solution when zine sulphide was precipitated. Excess 
N/100 iodine solution was then added followed by 
10 ml concentrated HCl. The unreacted iodine was 
titrated against standard sodium thiosulphate solution 
using starch as an indicator. This method is simpler to 
use than absorption of the H,S in sodium hypochlorite 
solution.* 


MATERIALS 

The pure iron (99-96°%,) used in the research was super 
Hipperm iron, pure nickel (99-95°) shot was obtained 
from the Mond Nickel Company, and pure cobalt, with 
a total metallic impurity of less than 0-009 wt-°%, from 
Messrs Johnson Matthey, Ltd. The sulphur was puri- 
fied by distillation before being used together with 
high purity electrolytic copper to synthesize the 
cuprous sulphide for the sulphur source. 


COMBUSTION ANALYSIS 

The method of analysis which was used in these experi- 
ments was slightly different from that usually em- 
ployed in the oxygen combustion procedure for the 
determination of sulphur in pure iron. It was found 
that the evolution of sulphur dioxide was very slow 
when nickel and cobalt beads were analysed by the 
conventional method, and alloying of the beads with 
copper before oxidation, which was found to speed up 
SO, evolution, was therefore adopted as a standard 
procedure. Each bead was wrapped in roughly its own 
weight of pure copper foil before being placed in the 
combustion boat, which was almost completely 
covered by a lid. The boat was then pushed into the 
combustion furnace under a stream of pure argon and 
after reaching 1350-1400°C was held in argon for a 
few minutes to allow completion of the formation of 
the liquid copper-transition metal alloy. The gas was 
then changed to oxygen at 500 cm*/min and after an 
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initial burning period of a few minutes, the flow rate 
was reduced to 250 cm$/min for the rest of the analysis. 
The SO, which was evolved during combustion was 
absorbed in 10°, ammonium acetate solution which 
was titrated continuously with N/100 iodine solution 
using starch as an indicator.* Each analysis took about 
45 min to complete exclusive of the time required for 
the preliminary removal of sulphur from the combus- 
tion boat before the introduction of the alloy sample. 

Since the oxygen combustion method is not quanti- 
tative,> some sulphur being lost as SO,, the ‘combus- 
tion factor’ for the apparatus had to be established. 
This was done by using a standard steel sample, 
obtained as a powder, and carrying out some 56 
analyses. Statistical analysis of the results showed that 
the ‘combustion factor’ i.e. the constant fraction of the 
sulphur content of a bead which could be measured 
iodimetrically was 0-844 -+-0-04. The rather wide error 
limits of the factor were disappointing, but as they 
could probably be attributed mainly to segregation in 
the sample, it is felt that although the absolute values 
of the sulphur contents of our samples may not have 
been established as well as might be hoped, neverthe- 
less the relative values would be somewhat more 
reliable. 


THE BINARY SYSTEMS 

Results 

The results for the pure liquid metals at a temperature 
of 1540°C are shown in Figs.2—4 and Table I. 

The H,S8/H, ratios shown in the ordinate are not 
those measured in the gas analysis apparatus at room 
temperature, since the dissociation of H,S at the high 
temperature is not insignificant,*® and corrections to the 
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room temperature analyses were made to calculate the 
ratios which are shown in the figure as those pertaining 
over the samples during equilibration. 

It can be seen that our results for the Fe—-S system 
agree quite well with those of Chipman and co- 
workers, and it could be argued that they show that 
sulphur deviates in a negative sense from Henry’s law 
but only slightly, in the range of sulphur contents 
which we have studied. 

The Ni-S and Co-S results, however, can best be 
described as showing conformity to Henry’s law even 
up to the surprizing amount of 6-5 at-°, in the case of 
sulphur dissolved in liquid nickel. 

The free energy of a solution of sulphur in these 
metals at 1540°C is thus 21400 cal for Co-S, 

23500 cal. for Fe-S and — 26800 cal for Ni-S, using 
1 at-°% as the standard state for sulphur for the 
reaction 


0 


pH,S l 


H,+[S] 
pH, 


»H,S. K = 
at-%S] 


These results confirm the sequence and magnitudes of 


free energies previously suggested by Alcock and 


Richardson. 
DISCUSSION 
Since these experiments were only conducted at one 


temperature, the partial molar heats of solution, of 


TABLE | Results for pure liquid metals (at 1540°C) 
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»bservec H, corrected 
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at 1540°¢ 


sulphur in the pure liquid metals cannot be rigorously 
calculated. However, it is generally found that the 
partial molar entropy of solution for such dilute solu- 
tions does not vary widely from one solvent to another 
and is usually between 2 and 5 entropy units. Thus for 
the standard state of 1 at-°, in the condensed phase 
and the diatomic molecular species at one atmosphere 
pressure in the gas, for sulphur, it can be reasonably 
expected in the light of our results that the heats of 
solution of sulphur in liquid iron, cobalt, and nickel 
will be the same within 
i.e 30000 eal. 


3 keal for 1 g-atom of sulphur 


It is interesting to compare the relative affinities of 
these metals for sulphur with other dilute solutes. 
Although the data in the literature are relatively 
sparse it is worth noting that nickel has a greater 
affinity for sulphur, silicon,’ hydrogen,® silver® (as 
evidenced by greater solubility of silver in liquid 
nickel than in iron), copper,!®!! and magnesium® in 
dilute solution and a smaller affinity for oxygen,!* 
nitrogen,!* 
mediate 
pattern 


and carbon.!4 Cobalt is sometimes inter- 
iron and nickel but the general 
of its affinity to various solutes is not clear 
vis-a-vis the other members of this triad. 


between 


It would clearly be useful to expand our knowledge 
of these binary systems in the search for understand- 
ing of the thermodynamic properties. It is possible for 
example that where the solute atoms have essentially a 
positive charge, such as copper and silver, the affinity 
to nickel is greater than that to iron, and vice versa for 
a negatively charged solute oxygen. It is 
obvious from the results for the binary systems that 
the rule for relating the partial molar heat of solution 
of sulphur in the liquid metals to the heats of forma- 
tion of the corresponding sulphides! cannot be applied 
significantly, since the partial molar heats have only 
estimated to be the within 


such as 


a 4 
been same 3 keal, 
should be 


the sulphides are 
36030 ecal/g atom of sulphur 


ilthough it 


formation of FeS-35 750, NiS 
which 
similar. However the rule gives no guide as 
o the relative stabilities of the dilute solutions and 
this is vuse it is only of value in such 


the difference in stabilities of the 


34980. CoS 


ire equally 


probably be 


estimations where 


metal-sulphur systems is much larger. 


THE TERNARY SYSTEMS 
Results 

Che results for 
1540 C are shown in Fig 
activitv coefticient of 


the liquid alloys of iron and nickel at 


5 where the logarithm of the 
sulphur, taking 1 at-°, of 
sulphur dissolved in pure liquid iron as standard state 
is shown as a function of the atomic fraction of nickel. 
The results for iron—cobalt allovs at the same tem- 
perature are shown in Fig.6, where the same standard 
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remembered that the heats of 


oying cobalt on the act 


l iron at 1540°C 


stare for sulphur has again been used. The 1°, solution 
in pure nickel has been used as standard for Ni-Co 
(Fig.7). Since the evaluation of each activity coefh- 
cient was derived from two measurements of sulphur 
content, one In pure iron and the other in the alloy, the 
error was expected to be fairly large in view of the 
standard error in the determination of the ‘combustion 
factor’ for the sulphur analysis. The fact that the 
scatter is reasonably small, however, supports the 
contention that the chief source of error in the estab- 
lishment of the combustion factor was segregation in 
the standard iron—sulphur alloy. It is difficult to assess 
the error in the value of each activity coefficient since 
duplicate alloys of the same composition were rarely 
made except in the iron—cobalt alloys, and these indi- 
cate a scatter in log yg of 0-02, or +200 eal on the 
partial molar free energy of solution. These results are 
also given in Table I] to demonstrate this point. The 
results for the binary systems probably offer the best 
guide to the accuracy of the measurements. 


DISCUSSION 

The theoretical equation for the activity coefficient of 
a dilute solute in a liquid binary solvent, which was 
mentioned above, should make it possible to predict 
the dependence of the activ itv coefficient of the solute, 
yx(A-—B), on alloy composition from a knowledge of 
the activity coefficient of x in pure A, yx(A), that in 
pure B, yX\ B) and the excess free energy of mixing of 
the A-B alloy, JG*5(A—B) at the mole fractions N, 
and Np: 

Since the activity coefficient of sulphur has been 
measured across the whole composition range in this 
study, it should be possible to reverse the procedure in 
this calculation and obtain values for the excess free 
energies of mixing of the solvent alloys from these 
results, and then compare these with direct measure- 
ments. It is found that the excess free energy of mixing 





Alcock 


TABLE I! Sulphur activity coefficients in iron-cobalt alloys 








should be negative at the nickel-rich end of the iron 
nickel and cobalt—nickel systems, reaching a maximum 
of about 500 cal/g atom, but positive at the iron 
rich end of the iron—nickel system. There are insuffi 
cient data to permit any further discussion of the 
cobalt—nickel system but the recent measurements by 
Zellars, Payne, Morris, and Kipp!’ and Speiser et al.* 
of activities in the iron—nickel allovs, which give the 
true excess free energy of mixing in this system, may 
be compared with that caleulated here from the iron 
nickel-sulphur system. The binary alloy measure- 
ments show that, in fact, the iron—nickel system de- 
parts in the negative sense from Raoult’s law at all 
compositions, and thus that the theoretical ternary 
equation is in error at the iron-rich end 

Although our results are by no means sufficient in 
number to allow discussion of the iron-rich end of this 
system the dashed line represents a reasonable inter 
polation. The S-shape of the variation of log ys in this 
liquid system is also obtained for hydrogen in solution 
in the solid y-phase iron—nickel alloys at 1200°C® 
Fig.8). It can be seen that the differences in affinity 
between iron and nickel for hydrogen and sulphur are 
very similar and this suggests that since the pattern of 
activities in the binary iron—-nickel system is probably 
the same for both solid and liquid alloys near the 
melting point, then the cause for the S-shaped beha 
viour is common to both solid and liquid systems. It is 
thus possible to explain fairly well the departure of the 


log ys and log yH curves from linearity in the nickel 


I 
rich end of thes systems from simple the ry but no 
lowering of log yS and 


] 


explanation for the rapid 
log 4 H brought about by small nicke 
20 at-°,, to iron, can be found 





| additions, up to 
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It is interesting to note in this connexion that in 
Chipman and Wriedt’s results!? for dilute solutions of 
oxygen in liquid iron—nickel alloys a similar lowering 
of yO, compared with that which would be expected 
is to be observed. Until further ternary systems have 
been investigated it seems inappropri ite to spec ulate 
on this effect 
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The role of carbon as a deoxidizing agent 


in the production of vacuum-melted steel 


G. H. J. Bennett, B.Sc., Ph.D., H. T. Protheroe, B.Sc., Ph.D., and R. G. Ward, M.A., Ph.D. 


INTRODUCTION 


AIR-MELTED STEEL is usually deoxidized by additions 
ferrosilicon, titanium, and alu- 
minium, all of which form oxides or complex silicates 
as deoxidation products. The separation of the result- 
ant slag-forming deoxidation products occurs slowly, 
if at all, and rise to inclusions which often 
detract from the properties of the finished steel. How 
ever, deoxidation by carbon results in the formation of 
carbon monoxide which, being gaseous, bubbles out of 
the melt inclusions and 
dissolved gases. Deoxidation with carbon is thus pre- 
ferable to the other process in which solid products are 
formed, if an ade quate degree of deoxidation can be 
attained 

Phe reaction between carbon and oxygen dissolved 
in molten iron has been extensively investigated and 
much of the earlier work has been adequately re 
viewed by Marshall and Chipman.! The slowness and 
incomple teness 


of ferromanganese, 
gives 


and tends to scourge it of 


of this reaction at atmospheric pres- 
sure is well known and is of great technical importance 
in steel refining and ingot production. The carbon 
elimination reaction 


C" lr Ol}; COpas l 


Fe 


is greatly dependent on pressure and this can con- 
veniently be discussed bv consideration of the equi- 
librium constant 


A 
: Hel H 

where Peo is the partial pressure of carbon monoxide, 
and H, and H, are the Henrian activities of carbon 
and oxygen respectively in the molten steel. 

The tinal oxygen content in the steel for a given 
carbon content is thus proportional to the carbon 
monoxide partial pressure if equilibrium conditions 
ire obtained. This suggests that if the pressure above 
the surf 


ice of the molten metal is lowered, deoxidation 


cht be effected by carbon alone, e.g. the addition of 
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SYNOPSIS 


A series of steel melts with carbon contents up to 0-85% 
have been made under vacuum in magnesia refractory 
crucibles. The influence of the time of vacuum treatment 
and of agitation, by either rocking the crucible or by 
argon-lancing, on the degree of deoaxidation of the melts by 
carbon has hee n examined. A vie chanism is proposed for 


the deoxidation which that a 


dynamic equilibrium condition is eventually attained, 


proce SS indicate s true 
giving final OLYGEN contents corre sponding lor quilibrium 


with a 


2cem He. Lowe oxygen contents are therefore unlikely to 


carbon monoxide ahout 


partial pre SSUT¢ of 


he attained in maqnesia c? ucibles. 1785 


3 wt-°, of silicon reduces the oxygen content to 
O-O0O15 wt-°,, but this oxygen content could also be 
achieved by 0-2 wt-° 


oO 


of carbon if the partial pressure 
of carbon monoxide could be reduced to 0-1 atmo- 
spheres pressure. This level of deoxidation would be 
considered acceptable and would, of 
achieved without formation of any 
deoxidation products. 

It is theoretically possible to obtain oxygen con- 
tents below 10-7 wt-°, by processing molten iron and 


course, be 


slag-forming 


carbon alloys in equilibrium with a carbon monoxide 
partial pressure of 1 yw, a pressure which is commerci 
ally obtainable in vacuum melting and casting units. 
These extremely low oxygen contents have never been 
achieved by vacuum-melting techniques, and the 
failure to achieve this degree of deoxidation has been 
examined in the present work. 


EXPERIMENTAL TECHNIQUE 

\ series of iron—carbon alloys was prepared using an 
Efeo-Edwards vacuum melting and casting unit. This 
unit has been adequately described by Barrett and 
Harper*® and a photograph showing the inside of the 
vacuum chamber is shown in Fig.l. In these heats 
12 kg (26-5 lb) of iron were deoxidized by small 
quantities of high purity graphite in the magnesite- 
lined high-frequency induction furnace at total pres- 
sures of less than 2? fl The cruc ible was about 4:5 ih. 





1 Interior of the Efco-—Edwards vacu 


showing the mould turntable desi 


unit 


dia. and the molten metal was about 6 in. deep in all 


cases. 

The materials used were shotblasted melting iron 

of the composition: 0-04°,C, 0-02° Si, 0-04°>Mn 
0-:065°,,0, 0-010°,N, pure graphite (Morgan’s EY9a 
sieved and graded magnesia refractory, and commer 
cial cylinder argon. 
Rh—-Pt/20°, Rh 
—Pt dipping thermocouples in molybdenum—alumina 
cermet sheaths, which could be operated from outside 
the chamber. Pressures within the apparatus were 
measured by spiral tube, thermal conductivity, and 
cold cathode ionization gauges 

Sampling of the heats was facilitated by construct 
ing the mould turntable that is clearly visible in Fig.1 
Samples could be poured into any of seven moulds by 
rotating this turntable moulds are 
300 g capacity chill moulds and the square chill mould 
is capable of receiving the whole of the 12 kg heat. 

Preliminary experiments showed that the carbon- 
boil was always completed within 20-25 min and that 


Temperatures were measured by 5 


the six smaller 


the oxygen content of ingots cast under a pressure of 
10 em Hg of argon reached an essentially constant 
level after being vacuum treated at 1580 °C for 25 min. 
The ingots were allowed to cool before air was ad 
mitted to the chamber and they were then removed for 
analysis. 

Samples taken from the top, middle 
several early ingots showed segregation of oxygen and 
earbon to be negligible and subsequently mixed 
drillings from the top, middle bottom of each 
ingot were analvsed for carbon. Oxygen determina- 
tions were only made on samples taken at about one- 
third the height of the ingot 
the surface. 

The tirst series of ingots was produced from melts 


and 


at least 0-5 in. beneath 


and bottom of 
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‘ +_¢ ] 
ncentractle Sin v ! Analysis 


O Henri: 
Relation betwee 


cessed for 30 min 


by calculatio 


under argon 


of melting iron and graphite that had been allowed to 
de-gas for 30 min at 2 » pressure, while the furnace was 
rocked to and fro. The evolution of gas from all the 
melts was accompanied by a visible evaporation of 
heavy vapour which, when the cooled chamber was 
opened, gave rise to a black pyrophoric deposit on the 
chamber walls. Analysis showed this powder to con 
sist principally of manganese and iron oxides. The de 
gassed melts were cast into 28 lb capacity ingot moulds 
under a pressure of 10 em Hg of argon. Nine ingots 
were produced by this technique, co 
O-1-0-85°.C, 


vering the range 


A second series of melts was made from which small 
samples were vacuum-cast from the melt periodically 
during processing. The final under 
10cm Hg pressure of argon as in the previous series of 


ingot was cast 
melts. 

The final series 
bubbles were forced through the molten metal 


series 3) in which argon 
The 
argon was injected into the melt through a recrystal 
lized alumina lance the 


metal surface for periods of up to 30 min after the melts 


was made 


immersed 5-5-5 in. below 
had been deoxidized by a 20-min carbon-boil carried 
out at 1580°C under a chamber pressure of 2 uv. The 
rate of flow was carefully controlled so that excessive 
turbulence did not occur and a pressure of 4 yz could be 
maintained in the chamber by the vacuum pumps 
during the lancing. Finally the ingots were cast under 
argon. 

Steel samples were analysed for carbon by a stand- 
ard combustion method and all figures presented are 
the mean of three determinations with an accuracy of 

0-01 wt-°,C. The oxygen contents deter 
mined by vacuum fusion using an apparatus similar to 
that of Cook and Speight;* again figures quoted are 
the mean of at least three determinations, and a repro 
ducibility of —0-0002 wt-°,O was achieved. Practic- 
ally all the manganese in the charge was lost by 
evaporation and _ all less than 
0-O1 wt-°, Mn. 


were 


ingots contained 


EXPERIMENTAL RESULTS 


The analyses for carbon and oxygen from ingots pro- 
duced under typical vacuum melting and casting con- 
ditions (series 1) are given in Table I, and the relation- 
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TABLE | Analyses of series 1 melts; vacuum processed for 


30 min and cast under argon 





g He Ho 


00-0085 OOORBS 0-105 HO305 
O-117 
0-174 
0-311 
1°335 
0-619 
0-351 
0-339 
0-862 00037 


O-0030 moors 


| 00273 


ors OOO435 OO TS4 


OO15 000467 OO103 


O009 0-001201 00024 


0010 0-QO0614 00052 


OO15 0-O00527 


OH009 ] 


OoLs 0-000509 OO0G5 


aoe eereeesees 


O009 0-000776 





ship between the carbon and oxygen content of these 
alloys is plotted in Fig.2. 

The analyses of samples taken periodically under 
vacuum during processing (series 2) given in 
Table II, and the results from the argon lancing 
experiments (series 3) are given in Table IIT. 


are 


DISCUSSION 


Deoxidation obtained by rocking melts for 30 min under 
vacuum and casting under 10 cm Hg pressure of argon 
series 1) 

It is convenient to assess the efficiency of deoxidation 
by consideration of the equilibrium carbon monoxide 
partial pressure, Peo, obtained from equation (2) by 
use of the appropriate value of A; the lower the value 
of Peo the greater the deoxidation achieved. This pro- 
cedure avoids the difficulty in comparison of oxygen 
contents at different carbon contents. 

For the calculation of peo from equation (2) the 
activity product [H¢] [Ho] is required. This may con- 
veniently be expanded 

Hcl {Ho wt-96C1. fc fOciwt-%Olfeofo 3 
where f', is the Henrian activity coefficient accounting 
for the influence of ¢ on the element j in solution in 
molten iron. In the present work the influence of 
carbon on the activity of carbon has been obtained by 
extrapolation of gas equilibrium data of Richardson 
and Dennis! as 

log f&¢ : t 1) 
Values for the activity coetticient expressing the 
influence of oxygen on the activities of carbon and 
oxygen have been taken from the work of Turkdogan 
et al.’ and Floridis and ¢ ‘hipman® respectively 

log f% 0-36 fwt-8.0 5 

log f° wt 3) 6 
The relation between the final oxygen and carbon 
contents of the melts of series 1 is shown in Fig.2. If 
it is assumed that these correspond to an equilibrium 
condition, the effective value of Pco can be obtained 
TABLE Ii Analyses of series 2 melts; periodical samples 
during vacuum processing 





OOLT 
0012 
O0O07 
O008 
MMT 
Ould 
OOLO 
chon 
O009 
OOOT 


0-0006 





Analyse nal ingot 
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TABLE tI! Analyses of series 3 melts; argon lanced after de- 
gassing for 20 min at 1580 C under a pressure 


of 2u. 





Lancing 
time, min 


Heat 





27/1 “If 0014 
oold 
47/1 2 OO15 
4 2 “OOL2 


] 

l 

l 

l 

l “O0O08 
127 g ( 0012 
15 , 0006 
l 0007 
121) { 0005 
l 5 O005 
l 0004 
12 * ; 0004 
l 2 0007 
l , OO05 
] t 3% ( 0005 


‘ 
‘ 
‘ 





* Analyses on final ingot 


from equation (2) if the activity product [H¢]| [Ho] is 
known. This can be obtained by extrapolating a plot 
of log [wt-°,C] f&e foc. [wt-°,0] f% as a function of 
carbon content, (Fig.3), to zero carbon content at which 
the ordinate is equal to [H_-] [Ho] (see Appendix 3). 

Substitution of the extrapolated value of [H¢] [Ho] 
in equation (2) and taking kK, as 5OO (see Appendix 1), 
gives a carbon monoxide partial pressure of 11:8 
em Hg. This is far in excess of the pressure in the 
chamber of about 10-4 em Hg which the equilibrium 
carbon monoxide pressure might be expected to equal, 
and this apparent anomaly is considered later in a dis- 
cussion of the mechanism of deoxidation by 
under vacuum 


cal bon 


Effect of vigorous agitation, caused by periodic sampling 
throughout vacuum melting, on deoxidation (series 2) 
To allow the kinetics of the carbon—oxygen reaction to 
be studied, two heats were made (Table Il) in which 
small samples were taken for analysis at regular 
intervals after meltdown in the period before casting 
the ingots. The results for the two heats are shown in 
Kig.4 in which oxygen is seen to reach a constant level 
(within the accuracy of analysis) after a 
time of about 30 min. 

A comparison between the final oxygen content 
obtained in these heats with that obtained by inter- 
polation of the data from Fig.2 at 


processing 


the same ¢ irbon 





racuum meits of ser 











Sst oxvgen content 


Sl—-oxvgen content 


| 


level, shows that continuous sampling has considerably 


improved the deoxidation of the melt 

The extent of this improvement is best illustrated 
by comparing the equilibrium carbon monoxide par 
tial pressures for the state in the two 
melts; for the first series peg =11-8 em Hg while for 
the second series it is equal to 3-4 em Hg, indicating 


final series of 


an almost fourfold improvement in deoxidation 

It is considered that turbulence caused by frequent 
sampling has accelerated the approach to equilibrium 
in these melts and that the apparently constant oxy 
gen content obtained after cessation of the boil in the 
first series of melts is really an imperceptibly falling 
content. 


Effect of argon lancing under vacuum on deoxidation 
series 3) 
In order to provide the maximum possible agitation of 
the bath and to encourage carbon monoxide evolution 
by providing gas nuclei, argon was blown through the 
third series of melts. The results of the 
are given in Table III, and 
the fall in oxygen content with 
in Fig.5, constructed from samples taken from five 
heats with initial carbon contents of O-20— 0-02 

Fig. it appears that these conditions of 
violent agitation will lower the oxygen content to 
about 0-0005°,, which is slightly, although hardly 
significantly, less than the level of 0-0007°,, obtained 
by vigorous agitation in series 2 melts. This level of 
0-0005 


se experiments 


Lcomposite curve showing 


lancing time is shown 


From 


O probably represents the minimum deoxida- 
tion by carbon which can be obtained under vacuum- 
this could not be verified 
beyond 30 
min proved unsuccessful owing to mechanical failure 
Alumina 


and bottom blowing 


melting conditions, although 


since attempts to prolong argon wing 


of the recrystallized alumina lance tip 


molybdenum cermet lances 
through porous retractor, plugs have enabled blowing 
to be done for longer times but in both cases the tech- 
nique has resulted in severe contamination of the 


melts by solid oxide inclusions producing an increase 
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extent 
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by comparing values of the equilibrium 


| 


carbon monoxide partial pressures. For this series of 


melts Peo ?-3 em Hg is shighth lower than the value 
of 3-4 em Hg obtained for the second seri 
fivefold improvement on the 


achieved in the first Pco= 11-8 cm Hg 


and repre 
sents a deoxidation 
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A proposed mechanism of the deoxidation of vacuum melts 
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content of the 
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oO oxygen calculated from carbon drop 
Oo observed oxygen removal 


Comparison hetween removal of oa ygen as calculated from the 
carbon drop and that determined ¢ rperime ntally, ¢ rpre ssed as 
aa A steel 


a fur tion of proce ssing time, for ag 


i 


bubble nucleation at the metal/refractory interface 
and desorption from the metal surface. As bubble evo- 
lution, i.e. a boil, is only observed during the first 
20-30 min of the after which the surface 
remains undisturbed, it is evident that the carbon 
removed during the latter period corresponding to the 
constant rate position of curve [O]© in Fig.6, is lost by 
desorption of carbon monoxide from the surface. Both 
processes are no doubt operative during the boil. 


process 


The removal of oxvgen, [O]© of Fig.6, may thus be 
considered as the sum of two processes: 


i) Carbon monoxide bubble evolution 


This is initially rapid but dies away as the oxygen con- 
tent of the melt is lowered. The cause of the decay in 
bubble evolution is evident from consideration of the 
conditions for the operation of a capillary crevice in 
the refractory as for the site to be 
active the internal pressure in a hemispherical bubble 
of radius equal to the capillary must be greater than 
the sum of the pressures limiting bubble growth:® 
27 


r 


a nucleation site 


where T is the surface tension of the metal, pp, is the 
hydrostatic pressure on the bubble. and r is the radius 
of the capillary crevice. 

Initially, when the oxygen in the metal is high peo, 
which is related to the ac tivity ot oxygen 1n the melt 


by equation 2) 


, is also high, and equation (7) is satis- 
fied by a wide range of nucleation crevices. The lower- 
ing of oxygen in the melt progressively lowers peo and 
the until 
eventually metal penetration of the crevices occurs 


and the crevices cease to be active. 


minimum active erevice radius increases 


The critical value of peg at which bubble nucleation 
obtained by substitution of the 
experimental carbon and oxygen contents at the end 
of the boil into equation (2). From observations on the 


carbon boil under atmospheric pressures® 


ceases 1s 12 cm Hy 


it is known 
that bubble nucleation occurs predominantly on the 
crucible bottom and not on the walls, so that pp, may 
be taken as equal to the total head of metal in the 
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7 Section through a magnesia furnace hearth showing probable 
gas nucleation site. 


Metal appears hlack 
30 transmitted light 


crucible of 8-1 em Hg. Substituting these values of 
Pco and py, in equation (7) gives a crevice radius of 
0-05 em; examination of sections of the lining from the 
crucible bottom reveals many crevices a little smaller 
than this, a typical example being shown in Fig.7, and 
it seems reasonable that 
during the boil. 


these are the active sites 


(il) Surface de sorption of carbon monoxide 


The rate of chemical combination of carbon and oxy- 
gen is known to be high, and it is probable that surface 
desorption will be diffusion limited. Under conditions 
where diffusion is rate-controlling the supply to the 
interface of the reactant that is least available, oxygen 
in this case, is rate-limiting. The rate of reaction can 
be shown from Fick’s First Law to be proportional to 
the area of the interface and the concentration of 
oxygen in the bulk of the metal.!° Although the value 
of the interface area is slightly larger during the boil 
than when the bath is quiescent, it is roughly constant 
and the rate is proportional to the oxygen content, i.e. 
it is initially rapid but settles down to a steady value 
as the boil subsides. 

The removal of oxygen by mechanisms (i) and (il) is 
counteracted by an uptake of oxygen from the refrac- 
tory. The rate of solution of MgO will probably be 
determined by the rate of removal of magnesium and 
oxygen from the refractory/metal interface; as the 
solubility of magnesium in steel is very limited the 
rate may well be determined by the rate of removal of 
magnesium from the melt. Initially this will be facili- 
tated by the boil, but loss from the surface will become 
constant (by diffusion arguments similar to that pre- 
viously used for oxygen supply to the metal surface) 
and the rate of supply of oxygen from the refractory 


will therefore also become constant. In the 


'd 
dt 
quiescent period it is not considered that direct redue- 
tion of MgO by carbon occurs 


MeO Clee Mg COgas .».(3) 


is this would result in an observable boil, although 
this may occur during the initial boil period; even 





during the boil the contribution from reaction (8) is 
probably limited as this can only occur where the 
three phases magnesia, steel, and carbon monoxide 
are in contact along a line. 

Summing these three processes, bubble evolution of 


carbon monoxide, surface desorption of carbon 


monoxide, and uptake of oxygen from the refractory, 
indicates that an equilibrium condition will be set up 
when the overall rate of removal of oxygen from the 


melt ( 


‘ 
equals the rate of solution of oxygen 
dO 
from the refractory | - 

dt 
oxygen from the melt with decreasing 
oxygen content (the sum of processes (i) and (11) )and the 
dO 
dt 
constant or increasing with decreasing oxygen in the 
melt. The final oxygen content is thus dependent on the 


MgO ry . 
. The rate of removal of 


decreases 


Mg 
rate of solution of the refractory | may either be 


rate of oxygen pickup from the refractory (<>). 

{ 
If, as discussed above, this depends on the rate of loss 
of magnesium from the metal surface then it will not 
be affected by crucible geometry, e.g. increasing the 
area of the free metal surface will increase both the 
rate of loss of magnesium and of carbon monoxide to 
the same extent, and the equilibrium oxygen content 
will be unchanged. This also accounts for the failure 
of argon blowing to reduce the oxygen in the metal to 
a level in equilibrium with carbon monoxide at a 
pressure equal to that within the tank of about 4 yu 
i.e. to about 10-79. 0, which might be expected if the 
problem were solely a matter of providing gas nuclei 
The increased surface area produced by argon lancing 
must increase both the rate of loss of magnesium and 
that of carbon monoxide: the equilibrium oxygen con- 
tent therefore remains unchanged. 


CONCLUSIONS 


In the absence of any vigorous agitation a pseudo- 
equilibrium Is set up after the boil has ceased, and the 
oxygen content becomes practically constant. The 
carbon and oxygen contents then correspond to an 
equilibrium partial pressure of carbon monoxide of 
11-S cm Hg. The pseudo-equilibrium data lead to a 
variation of the activity coefficient of oxygen with 
carbon content according to 


log f' 


g/-o 0-67 [wt-°.¢ 

Violent agitation of the melts by vigorous slopping of 
the melts or by argon lancing considerably lowers the 
oxygen content, and the effective carbon monoxide 
equilibrium pressure is lowered to about 2 em Hg, 
corresponding to a carbon—oxygen activity product 
H,-| {Ho} of 0-00005. It is considered that this is a 
true equilibrium state for vacuum steel melts in MgO 
this fixes the lowest content and 
lower oxygen contents are therefore not obtainable 


crucibles; oxygen 
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APPENDIX | 
The value of the equilibrium constant K, 


In the present work a value is required for the equilibrium 
constant kK, (equation 2) of the reaction between carbon and 
oxygen in liquid iron (equation 1) 
ture of 1L580°C. 

Marshall 


recently 


at the processing tempera 


data! has been 


and a 


and Chipman’s experimental 


Vallet™ at 1540°¢ 


obtained which may 


examined by value of 
469-41 for A, was 


their own value of 512. Stark!” 


be compared with 
has also re-examined Marshall 
value of 504. Vallet’® has 


L600 ¢ from the 


and Chipman’s data and gives a 


calculated the value as 455 at work of 


Larsen.!* 


From indirect experimental 
reaction Turkdogan et al.' 

a value of 502 for A, at 
evaluated 

derived the 


expression 


divergence 
igure of 


5OO has 


APPENDIX II 


Calculation of the equilibrium carbon monoxide partial pressure 
and the influence of carbon on the activity of oxygen from the 
measured carbon and oxygen contents of series 1 melts 

If the value of A | 


learly be obtained from equa 


s known (Appendix 1) the 


quation (11 
by the 


0-67 pr 


value sin general ag 


workers and althor 
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A magnetite seam at the scale/metal 
interface on mild steel 


K. Sachs, Ph.D., and G. T. F. Jay, B.Sc., A.C.T.(Birm.), A.I.M. 


INTRODUCTION 


THE SCALE ON STEEL oxidized in air consists of three 
layers: ferric oxide at the outside, magnetite further in, 
and wiistite, usually by far the thickest layer, next to 
the metal substrate. The of these 


phases decreases progressively and their iron content 


oxygen content 
increases: their relative positions in the scale are con 
sistent with their constitutions, the phase richest in 
oxygen being at the surface, the oxide with the highest 
iron content close to the metal. Within the wistite 
laver itself there is a linear concentration gradient? 
from iron-rich wistite at the scale/metal interface, to 
oxygen-rich wistite at the phase boundary where the 
wistite is in equilibrium with magnetite. 

The classical three-layer structure appears only in 
that adhere to the surface of the steel 
hot-worked products frequently flakes locally and 
the interface can also be found on speci 


s( iles Seale on 
eracks along 
mens scaled in labor itory treatments sr paration ot 
the scale from the substrate does not upset the three 
lave! 


structure 
into the 


uniess the atmosphere can penetrate 
crack; all that happens is a change in the rela- 
tive proportions of the phases and saturation of the 
wiistite layer with oxvgen.*~* In practice, howevet 
of the scale often allows oxygen to penetrate 
the substrate and the 
In this way the inner layer of wiistite is enriched 


in oxygen and the 


' 
CTACKING 


into the gap between metal 
gap surfaces may even be oxidized 
to magnetite; this has been observed frequently and is 
illustrated in Fig.l. Magnetite 
consistent with the oxygen distribution. 

However, a 


in this location is still 


narrow layer or 
bye en observed at the 


seam of magnetite has 
oxide metal interface of adherent 


examination of the seale on hot-rolled 


12 Oc 1Q59 
it GKN Group 
ipt 
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SYNOPSIS 


T he pre SE VLCE of magnetite at the scale metal apite rhace has 


hee n Ye ported else whe rel an adhere net acale s, Simila 
structures are illustrated and the possible mechanisms of 
formation of a highe r oxide in an area of relative ly lou 
OLY Ma COnCE ntration are consid red T he maddie tile Sead 
way he re levant to the he haviow of the oxide laye? he 


pric kling and hie chanical de Nf aling. L787 
l 


strip, Garber! discovered what he calls a ‘sandwich 
structure, in which the wiistite is bordered by magnet 
outside of the scale. 
on hot-rolled rods has con 
firmed the presence of a thin magnetite seam at some 
points of the scale/metal interface and the present 
paper 1 detailed examination of 
some structure associated with 
speculation on its origin ts 


ite on the inside as well as the 
Examination of the scale 


is concerned with a 
features of the scale 
this phenomenon some 


also included. 


MICROSTRUCTURES OF SCALES 


The magnetite seam at the scale 
an obvious feature of the 


metal interface is not 
microstructure. It is very 
thin and can only be detected at fairly high magnifica 
tions on well polished specimens. 

Typical seale structures are shown in Figs.2 and 3 
The scale consists mainly of wiistite with a thin outer 
laver of magnetite. Magnetite particles are also present 
in the wiistite ph ise; the coarser the 
characteristic shape associated w ith pro-eutectoid pre 


ones have 


cipitation above 570 C,° the finer ones may have a 
in the first 


{80 (16-8 


been formed 
wustite 


similar origin o1 have 
stages of the breakdown of 


may 
below 
The proportion of precipitated magnetite is greatest at 
the outside and diminishes appreciably towards the 
middle of the wiistite laver. At the inside of this laver, 





ed bi 


close to the metal surface 


increases aval and 


the amount of magnetite 
Fig.2 shows a coherent 
A similar micrograph has been published 
by Dahl and Lueg.® In thicker 
scales the precipitated magnetite particles are coarser, 
as in Fig.3 where a row of magnetite particles can be 
clearly distinguished at the interface. Figure 4 shows a 
similar seam in a scale free from discrete particles of 
precipitated magnetite. A particularly well-developed 
seam is shown in Fig.5; it is quite continuous but has a 


seam of 
magnetite 
without 


comment ° 


heavily serrated edge and some rounded pores can also 
be observed. 

The direct attachment of the magnetite to the metal 
substrate is proved by electron micrographs of the 
scale metal interface (Fig.6). The magnetite seam has 
a serrated edge, suggesting that it consists of a con 
tinuous row of crystals growing from the interface 

A particularly instructive survey of scale structures 
is presented in Fig.7. This is a composite photograph 
showing a short stretch, extending over 0-037 in., of 
the scale on a hot-rolled rod. The dominant feature is 
a large gap, about 0-014 in. long, in the middle of the 
photograph; on both sides of the continuous gap there 
are elongated cavities. Oxygen has penetrated into the 
gap and has greatly increased the proportion of ferric 
oxide and magnetite in the scale; the wider magnetite 


Scale 


1000 
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iq 


1Ooo 


layer extends much further laterally than the gap 
itself Between the gap and the metal there an 
adherent scale deposit consisting of a wide magnetite 


IS 


layer, a slightly narrower wiistite layer, and a magnet 
ite at the interface (cf. 
beyond the dimensions of the existing gap about as far 
as the full width of enhanced oxidation. Some distance 
away, at both sides of the gap, the scale structure is 
consistent with oxidation as an adherent layer, but has 
parted from the substrate; the wiistite near the zone of 
separation is not oxidized, so that the scale has prob- 
ably cracked away from the metal during cooling of 
the rod or preparation of the specimen The mechanical 
cracks at both sides penetrate slightly only into the 
central zone and overlap a little with the magnetite 
(Fig.7b). This that mechanical 
cracking is easier in the absence of a magnetite seam, 
but the observation is open to another interpretation 
which will be discussed later. 


seam Fig.7a), which extends 


seam may 


Suggest 


The fact that the thickening of the magnetite layer, 
which is undoubtedly caused by separation of the 
scale from the substrate during oxidation, extends a 
considerable distance beyond the ends of the gap 
suggests that the latter was originally wider and has 
shrunk inwards during oxidation. Presumably there is 
an analogous lateral shrinkage of the thick magnetite 
layer, but this evidently lags behind the healing of the 
gap. Some distance beyond the ends of the gap, where 


the thick magnetite layer begins to taper off, a string 


of small particles of magnetite runs obliquely from the 
primary magnetite layer to the metal surface (Figs.7b 
and c). Apparently this is a characteristic feature of 
long gaps in the body of the scale; other examples have 
been found on the same specimen. Figure 7 gives the 
impression that before cracking the magnetite seam 
was continuous up to the point where it is joined by 
the comet's tail of magnetite particles; beyond that 
point there were some discrete magnetite particles at 
the interface, which gradually petered out further 
away from the gap. It seems possible that the points 
where the magnetite stringers join the interface mark 
the extent of the gap; these 
indicated by arrows in the composite photograph 
Fig.7. 


original points are 


Near the end of such a gap the magnetite surround 
ing it may be separated from the outer layer of magne 
tite by wiistite. Figure 8 shows the magnetite border 
extending a considerable wavy beyond the gap in the 
form of a thick slab before it thins out to a e 


ot separate parti les 


, 
mets tail 
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ea 
4 Magnetite 
rolled rod 


hot- 
1000 


seam without scattered particles. Scale on 


DISCUSSION 

Migration and healing of the gap 

The extended gap in the scale shown in Fig.7 has 
apparently originated from a longer gap presumably 
formed at the scale/metal interface by the separation 
of the oxide from the substrate.4 In the course of 
subsequent scale growth the gap has contracted 
laterally and become separated from the interface by 
an adherent oxide layer. Lateral contraction implies 
that the gap is healed or filled up by oxide growing 
inward from the ends. While the gap is located at the 
interface, its end is the only point where both iron and 
oxygen are conveniently available for oxide formation, 


METAL 


SCALE 


6 Magnetite at interface and in the scale on hot-rolled rod. Formvar-carbon replica 
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§ Thick magnetite seam, showing pores. Scale on hot-rolled rod 
x 1000 


and even when there is oxide beneath the gap, closing 
up and healing is most likely to proceed from the ends 
inward. It is in the magnetite border surrounding the 
gap that this healing process must take place, and 
magnetite remains in the scale to mark the site of the 
original gap; the micrographs show that unhealed 
cavities are also left behind. 

While the magnetite border may be left behind for 
a short time after the ends of the gap have healed, it is 
difficult to account for its persistence as a discrete 
phase embedded in wiistite. If the gap heals by the 
oxide closing in and filling the cavity from the ends, 
then the extent of the magnetite trace is a measure of 


» i 
<—scale /metal 
s interface 


Mm wiistite 


magnetite 


x 2300 
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the persistence of the magnetite under these circum- 
stances; this is shown with particular emphasis in 
Fig.8, illustrating one end of a gap with a very exten- 
sive magnetite trace. In principle, magnetite par- 
ticles should dissolve in the surrounding wiistite just 
as carbides are dissolved by austenite above the trans- 
formation temperature. There may be profound 
differences in the rate of solution, however, because 
the component that has to be dispersed by diffusion is 
relatively mobile in the case of the carbide and virtu- 
ally incapable of diffusion in the case of the oxide. 
Thus the magnetite transforms to wiistite not by 
dispersion of oxygen ions but by dilution with iron. 
If the rate of reaction at the interface is slow no sub- 
stantial iron diffusion gradient is set up in the wiistite 
towards the magnetite particles and iron can by-pass 
them on its way towards the outer surface; this im- 
plies that the magnetite does not disturb this outward 
diffusion by blocking off very large areas. Iron must 
also be able to get round the magnetite particles or 
veins and reach the wiistite on the outside of the 
healed-up gap, to replace iron diffusing from there to 
the outer surface; otherwise this wiistite is oxidized 
by the loss of iron, as can be seen in the progressive 
thinning of the intermediate wiistite in Fig.8. 

This explanation of the persistence of primary 
magnetite in the wiistite depends on the assumption 
that iron crosses the wiistite/magnetite interface to 
reduce the magnetite more readily at the layer 
boundary than at interspersed veins or particles. Two 
possible reasons can be suggested for this: magnetite 
completely surrounded by wiistite cannot have an 
iron concentration gradient across it like the outer 
scale layer, and the transformation of magnetite to 
wistite involves an expansion of about 2-66°,, which 
would impose considerable triaxial strains on em- 
bedded particles. 

\s metal is consumed by oxidation the interface 
recedes and the layer of oxide between the gap and the 
metal surface grows thicker. The partial pressure of 
oxygen in the gap can be no less than the dissociation 
pressure of magnetite and this inner layer grows in the 
same way as an ordinary scale. As it thickens it pushes 
the gap outwards, and this migration is encouraged by 
dissociation of oxide at the outer wall of the gap to 
maintain the partial pressure of oxygen.!® The 
magnetite particles left by the healing of the gap at the 
ends, however, are embedded in a thicker scale layer 
and may be regarded as inert markers. It has been 
shown that the gradual inward creeping of the scale, 
which normally maintains the contact between the 
scale and the receding interface,’ is capable of moving 
inert markers inwards.?:!! The outermost magnetite 
particles, which formed when the distance between the 
gap and the interface was relatively small, have been 
exposed to this action for the longest time and have 
kept up with the inward recession of the metal surface. 
Particles formed later and correspondingly further out 
in the seale will also have moved inwards but not so 
far. Thus the trace of the contracting ends of the gap, 
instead of remaining at the same depth in the scale as 
the gap itself, has been pushed progressively towards 
the interface and forms an oblique stringer of magnet- 
ite particles 

The origin of the complex scale structure in Fig.7 is 


brie tly summarized in a series of sketches in Fig.9. The 
first crack at the interface is shown at a, separating the 
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wistite from the metal. Figure 9b shows the effect of 
the gap in blocking outward diffusion of iron, slowing 
down oxidation, and allowing a thicker magnetite 
layer to form: the atmosphere has just penetrated 
into the gap and a narrow border of magnetite has 
formed. At c the oxygen in the gap has oxidized the 
metal beneath, forming an adherent two-layer scale. 
The magnetite border round the gap has merged with 
the outer magnetite layer. The gap has contracted 
laterally and the healing traces have been pushed 
towards the interface. Figure 9d shows the position 
reached in Fig.7, with a comet’s tail of magnetite 
particles running obliquely from the end of the gap to 
the metal surface. Accelerated oxidation across the 
thin scale under the gap has compensated for the 
earlier delay in oxidation illustrated at 6. 

The sketches do not show the magnetite seam at the 
interface because this structural feature also occurs in 
other scales, where there is no gap. Its origin merits 
separate consideration. 


Origin of the magnetite seam 

In the scale on commercially produced steels, mag- 
netite is formed by the oxidation of wiistite or by its 
decomposition on cooling. The magnetite in the inter- 
face seam must have formed as a result of oxygen 
penetration under the scale or of localized nucleation 
of the breakdown of wiistite. One possible explanation 
is that it forms as a border to a gap containing oxygen 
and that contact with the metal surface is re-estab- 
lished later by some healing process, but such a mech 
anism cannot explain the persistence of continuous 
magnetite seams and it would appear more profitable 
to consider the possible formation of a magnetite seam 
at the interface without local oxygen enrichment. 

According to the iron-oxygen equilibrium diagram, 
wustite undergoes eutectoid breakdown into magne- 
tite and iron at 570°C. This reaction can be under- 
cooled quite easily and wiistite can be preserved at 
room temperature; at intermediate 
partial breakdown may be The detailed 
mechanism of the dissociation of wiistite has been 
studied by cooling crucible-melted wiistite to room 
temperature and reheating it to various temperatures 
below 570°C.7 as well as by rapid cooling to such inter- 
mediate temperatures followed by isothermal treat- 
ment;®:'? understanding of this mechanism can be 
used to interpret the structure and constitution of 
scale on commercial steel products.*:* The breakdown 
of wiistite proceeds most rapidly around 480°C by 
whatever route this temperature range is reached, 
e.g. by continuous cooling, isothermal ‘quenching’, or 
reheating (tempering): the equilibrium products, 
magnetite and iron, are formed. In the temperature 
range between 570° and 480 C., iron is precipitated 
first and there is a corresponding increase in the 
oxygen content of the remaining wistite, which ulti- 
mately breaks down into magnetite and iron. Below 
480°C magnetite is precipitated first and the remaining 
wistite is enriched in iron until decomposition is 
completed with the separation of iron, together with 
more magnetite. 

Examination of the scale on commercial plate,® hot- 
rolled rod,* and strip,’ has revealed the presence of 
magnetite and iron-rich wiistite, but no iron has been 
found in any of the oxide layers. Evidently the cooling 
rates employed in the manufacture of these products 


cooling rates 


observed. 
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are fast enough to suppress wistite breakdown at and 
above 480°C, but allow it to decompose partially at a 
lower temperature. Magnetite may therefore be em 
bedded in the wistite layer, not only as a result of 
pro-eutectoid precipitation from oxygen-rich wiistite,° 
but also as a product of the partial decomposition of 
wustite. 

There is some evidence!* that iron may be precipi- 
tated without being detected in the microstructure of 
the scale. Over most of the thickness of an adherent 
wistite laver the iron deficiency increases linearly, but 
in the immediate vicinity of the metal itself there is a 
slight decrease, with a minimum at a distance of about 
10 « from the interface.*-* This is attributed to precipi- 
tation of iron from the wiistite in this very thin inner 
layer; the iron is believed to migrate back to the metal 
surface. Deposition of iron at the interface was also 
observed in scale on Armco iron transformed 
thermally at 450 C.® 

One way of forming a structure with a magnetite 
seam between iron and wiistite would be by decompo- 
sition of the wiistite below 480°C, provided it can be 
shown that the precipitation of magnetite is likely to 
he initiated at the interface. From the point of view of 
wustite composition, preferential initiation of de- 
composition in the iron-rich area near the metal 
surface seems highly improbable because the bulk of 
the experimental evidence indicates that iron-rich 
wustite is more stable than oxygen-rich.'*-!* In a 
wistite layer with a linear concentration gradient, 
decomposition should therefore start at the outside 
and move inward gradually. Even the local decrease in 
iron content at the metal surface, due to precipitation 
of iron at the interface, would not seriously affect this 
process, because the highest iron vacancy concentra- 
tion recorded in the wiistite close to the metal sur- 
face*»'4 is only equivalent to the eutectoid composi- 
tion of the wiistite phase. Admittedly the effect of iron 
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originating in sean 


scale on hot-rolled rod with magne 


concentration on the stability of wiistite has not been 
studied over the whole range of composition, and there 
is an indication that the relation is not linear at the 
iron-rich end: thin wiistite films saturated with iron at 
700°C decomposed a little more readily than others 
saturated at 600 C and containing slightly less iron 
but reaction rates and stabilities of thin films differ 
profoundly from those of scales or bulk oxides.*°: *! 
Although wiistite saturated with oxygen transforms 
most readily and decomposition would therefore be 
expected to start at the outside of the wiistite layer 
the zone close to the scale metal interface is known to 
be enriched in a variety of other elements present in 
the steel:**. *% these elements may lower the stability 
of the wiistite so that it transforms more readily near 
the The effect of composition on wiistite 
stability requires further study. Meanwhile it may be 
useful other characteristics of the 
interface might have a nucleating effect strong enough 


interface 
to consider what 


to overcome the unfavourable influence of iron con 
centration 


There is some experimental support for a nucleation 


in a of carbon extraction 
of the seale close to the metal surface on two 
samples of hot-rolled rod, one with a magnetite seam 
at the the other without. The 
micrographs are shown in Figs.10 and 12, the corres 
ponding diffraction patterns in Figs.11 and 13. Large 
parte les of magnetite were extracted from the sample 
with a magnetite Fig.10) and the diffraction 
pattern (Fig.11) spotty, indicating 

size. The specimen without the magnetite 
vielded a number of extremely fine 
magnetite particles in addition to coarse, pro-eutectoid 
Fig.12); the diffraction pattern (Fig.13) shows 
both sharp spots for the large particles and diffuse 
rings corresponding to the fine background material 
Under roughly similar conditions the de- 
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tite seam, showing absence of fine magnetite ; 17600 


com position of wiistite has led to very fine, scattered, 
precipitation of magnetite in one specimen, and to the 
formation of fairly coarse particles at the scale /metal 
interface in the other: this clearly points to the pres- 
ence of nuclei for magnetite deposition in the spect- 
men forming the seam 

Three possible mechanisms of nucleation of wiistite 
decomposition at the metal interface will be considered. 
The first possibility is that residual magnetite from a 
yap that has been healed may nucleate the decompo 
sition of wiistite into magnetite and iron-rich wiistite 
The same reaction is known to occur at the magnetite 
wiistite boundary where it is favoured by the wiistite 
composition; the presence of magnetite may provide 
an added stimulus and this may be strong enough to 
nucleate the reaction near the metal the 
composition is less favourable, just as the addition of 


where 


11 


Electron diffraction patte rn of scale shown in Fig 


spots indicate that only coarse particles are presen 
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Figs.10 and 11 


a seed crystal wil nucleate precipitation from a 
saturated solution. 

The second factor that may favour the initiation of 
wiistite decomposition at the surface of the metal is 
the compressive stress in the wiistite at the metal 
oxide interface.?! Continuous heating of homogeneous 
Wistite samples in a dilatometer? showed that de 
composition starts around 300-310 C with a contrac- 
tion associated with the precipitation of magnetite; at 
slightly higher temperatures, near 450°C, there is a 
pronounced expansion due to the further breakdown 
of wiistite and the formation of iron particles. The 
contraction resulting from the precipitation of 
magnetite would tend to relieve Compressive stresses 
in the oxide layer; it follows, with a polite nod to Le 
Chatelier’s principle, that the internal stress favours 
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the precipitation reaction and may nucleate it at the 
interface, where the stress is likely to be highest 

Although there is no definite proof of stress-induced 
nucleation, there are some structural features of the 
magnetite seam that may be interpreted as illustra 
tions of the importance of stress at the interface. One 
is the porosity sometimes observed in the magnetite 
and illustrated very clearly in Fig.5. If the initial pre 
cipitation of magnetite from the wiistite relieves the 
compressive stress at the interface. further growth of 
magnetite from these nuclei would lead to continued 
contraction and may be responsible for the formation 
of small cavities. 

Another significant observation is the cracking of 
The seale 
yap adheres to the substrate across the 
magnetite seam 


the scale adjacent to the seam in Fig.7 
heneath the 
intervening The scale further away 
from the gap. which had grown as an adherent layer, 
has separated from the substrate and has no magnetite 
seam at the interface; unless cracking occurred during 
preparation of the specimen the crack must have 
formed during cooling under the influence of the stress 
system at the interface. Presumably cracking did not 
occur under the gap because the internal stress was 
appreciably lower than under the thick adherent scale 
It is possible to regard cracking and the formation of a 
methods of 
modating the stress at the interface 
but if the 
relieved by the formation of a yap at an earlier 
the lower level of stress built up under the thinner 
adherent layer may be effectively relieved by loeal 


magnetite seam as alternative accom 
a high stress leads 
to cracking tress has already been partly 


stave 


magnetite formation 

The third possibility of nucleation at the interface is 
based on the suggestion that an adherent scale layer 
prevents the escape of CO and CO, from the metal sur- 
face and thus This 
implies equilibrium between the activity of carbon in 


suppresses decarburization.*® 
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14 Adherent scale after 10%, plastic deformation. Hot-rolled rod 


1000 


solution in the steel and the scale; it follows that there 
must be some solubility of carbon in wiistite, however 
low the actual figure. Carbon contents of scales are not 
widely reported in the literature: published figures for 
scale on mild steel (up to 0-2°,C) vary from as low as 
0-028°,.C® to a range from 0-26 to 1-20°%,.?7 Whatever 
the actual carbon content of the scale, if the wiistite is 
saturated the activity of the carbon will be equivalent 
to that of pure carbon. It is quite likely that wiistite 
with carbon in solution is less stable than relatively 
pure wustite and that the carbon gradient through the 
scale is steep, with the highest carbon content at the 
scale metal interface. Breakdown of the wiistite might 
therefore be initiated at this interface; the reaction 
might be expressed by the equation 
12FeO(C) -3Fe,0, — Fe,C: 

this has a negative free energy. Once this reaction has 
oceurred and some magnetite has formed at the inter- 


face, it might nucleate continued decomposition of the 
wiistite according to the normal equation. 

There is no evidence that cementite is in fact present 
at the scale metal interface, but the proportion of 
cementite in the original magnetite nuclei would only 
be one quarter, so that the amount in the final magnet- 
ite seam may well be too small to detect. 


PRACTICAL CONSIDERATIONS 
It is now possible to consider the relevance of the 
magnetite seam, in the light of its probable origin, to 
pickling and to mechanical descaling. No direct evi- 
dence of the influence of the magnetite seam on pickl- 
ing is available. It is generally accepted?* that wiistite 
is attacked more rapidly by pickling solutions than 
magnetite and that the scale is undermined by attack 
along the interface; there is a galvanic cell between the 
wustite and the metal which greatly accelerates solu- 
tion of wiistite as long as it is In contact with the 
metal.** Rapid pickling is favoured, therefore, by a 
scale in which wiistite is immediately adjacent to the 
steel and the presence of a magnetite seam at the inter- 
face would be expected to slow down the pickling 
process. [t is a common experience that rapid cooling 
after hot rolling, which would be expected to suppress 
the decomposition of wiistite, facilitates and acceler- 
ates pickling,*°-** and this has confirmed in 
experiments in which the scale thickness was kept 
constant .33 

In mechanical descaling, too, faster cooling of the 
coils after rolling has been shown to be beneficial.** 
The theoretical explanation of the detrimental effect 
of the magnetite seam is less obvious with mechanical 
descaling than with pickling, but the observations of 
scale cracking in the previous section may throw some 


been 
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light on this question. It has been shown in Fig.7 that 
the scale may adhere where there is a magnetite seam 
and crack away in adjacent areas. Whatever the actual 
cause of cracking, scale has spalled off more easily 
under stresses due to cooling or handling when the 
seam was absent. Retention of the scale in areas where 
there is a magnetite seam after 10° tensile deforma- 
tion is illustrated in Fig.14. 


CONCLUSIONS 

Possible explanations of the origin of the magnetite 
seam have been considered in the light of published 
information and the micrographs presented in this 
paper. The evidence points to nucleation at the inter- 
face of magnetite precipitation from the wiistite. 
Figures.10-13 provide some support for a nucleation 
mechanism of magnetite deposition at the metal scale 
interface. From the point of view of wiistite composi- 
tion, preferential initiation of the decomposition in the 
iron-rich area near the metal seems unlikely. However, 
the zone close to the interface is known to be enriched 
in some of the other elements in the steel; these ele- 
ments may lower the stability of wiistite so that it 
decomposes more readily near the interface. A factor 
which might provide added stimulus to the decompo- 
sition is the high compressive stress in the wiistite at 
the interface. Furthermore, any residual magnetite 
from the healing of an oxidation gap might nucleate 
the decomposition of wiistite. 

There is no direct evidence on the influence of the 
magnetite seam on pickling and mechanical descaling. 
Where there is a seam of magnetite at the interface the 
scale may be more adherent and so cause inefficient 
mechanical descaling. The seam would also be expect- 
ed to slow down the pickling process. 
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Colorimetric determination of alumina in iron- 


and steelmaking slags with Solochrome 


Cyanine R 


P. H. Scholes, A.Met., L./.M., and Miss D. Valerie Smith 


INTRODUCTION 

IN CONNEXION with a research project on oxygen in 
steelmaking under investigation at BISRA, there is 
an urgent need in the Metallurgy (General) Divisional 
Analytical Laboratory for a rapid and reliable method 


for the determination of alumina in a wide range of 


open-hearth and electric are furnace slags. 

The composition of the slag samples handled by the 
laboratory, including occasional ironmaking slags, 
varies between the following limits: 


Silica Magnesium oxide 


Calcium oxide Phosphorus pentoxide up to 23 


Alumina Sulphur up to 2 


Manganese oxide Titanium dioxide up to 1 


Total iron 35 Vanadium pentoxide up to 1 


In addition, slags contain small quantities of some 
of the alloying elements present in the molten bath, 
particularly chromium. Fluorspar is often added, in 
which case the fluorine remains in the slag as fluoride 
or as fluosilicate and in exceptional cases as much as 
5%, fluorine may be present in the sample. 
~ Four possible approaches to the problem of develop- 
ing a rapid method for alumina have been considered. 

The volumetric aluminium fluoride method devel- 
oped by Clarke! of the British Cast Iron Research 
Association has been shown to be satisfactory for most 
normal cupola slags but when applied to slags with a 
very high iron and/or manganese content the author 
recommends that a mercury cathode separation should 
be carried out before solvent extraction of interfering 
elements with sodium diethyldithiocarbamate. In 
addition, phosphorus pentoxide, which is usually low 
in acid cupola slags, begins to have a significant effect 
when present in large amounts, but the author states 
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SYNOPSIS 

The application of the dye Solochrome Cyanine R to the 
analysis of slags has been examined and a method is pro- 
posed for the rapid determination of alumina in the range 
0:15-4-5%, with a standard deviation of 0:10%. The 
sample is dissolved in a mixture of hydrochloric and 
perchloric acid, and silica is removed by filtration. After 
separation of interfering elements using sodium hydrox- 
ide, the solution is carefully neutralized and the Solo- 
chrome Cyanine R-aluminium complex developed under 
controlled conditions. By means of a slightly modified 
colour development procedure, samples containing 
4-22°,, alumina may be determined with a standard 
deviation of 0-25%,. 1818 





that up to 15%, of phosphorus pentoxide would not 
cause any significant error in the alumina result.* 

The simplified gravimetric oxine method® developed 
in the laboratories of the British Ceramic Research 
Association for the rapid analysis of some silicate 
materials is limited to samples containing less than 
4°,, total iron. The authors state that the precipitation 
of aluminium by oxine is inhibited by a high silica 
alumina ratio. This makes the method unsuitable for 
steelmaking slags with low alumina contents. It also 
seems likely that magnesium oxide in amounts nor- 
mally present in iron- and steelmaking slags will 
result in some co-precipitation of aluminium during 
the sodium hydroxide separation. 

Shapiro and Brannock* have described methods for 
the rapid analysis of silicate rocks. Their method for 
the determination of alumina is based upon the forma- 
tion of a coloured lake or complex of aluminium with 





*In a private communication, Mr Clarke states that experi 
ence gained since the aluminium fluoride method’ was pub- 
lished has indicated that it is quite easy to remove up to 0-2 g 
of iron and manganese with diethyldithiocarbamate. Since 
only 0-25 g of sample is taken for the determination, these 
limits are unlikely to be approached. Thus the modified 
method? should be equally suitable for the determination of 
alumina in steelmaking slags with high manganese and iron 
contents 
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alizarin red § in the presence of calcium. An empirical 
correction for titanium interference must be applied. 
The authors claim that the effect on iron can be elimin- 
ated by the formation of ferrous ferricyanide in the 
sample solution prior to the addition of the dye. Trials 
with this method indicated that if more than about 
20 ug of iron is present during colour development 
(equivalent to 2% in the sample) the blue colour of the 
ferrous ferricyanide interferes with the measurement 
of the aluminium—dye complex. If, in addition to iron, 
manganese is present, a muddy brown colour is pro- 
duced. The optical density of the combined mangan- 
ese—iron background colour is erratic and not suffi- 
ciently reproducible to enable compensation solutions 
to be used. The low sensitivity of the colour reaction 
and the high blank values varying between 0-5 and 
0-6 density units in a 4-cm cell prove further limita- 
tions of the method. 

Eriochromeyanin R has been used extensively in 
Germany for the colorimetric determination of alu- 
minium in ferrous metals. In 1952, Bacon® examined a 
British dye, Solochrome Cyanine RS, stated to be 
similar in properties to Eriochromeyanin R, and 
successfully developed a method for the determination 
of aluminium in magnesium alloys. Subsequently the 
present authors® used a somewhat purer dyestuff, 
Solochrome Cyanine R, for the determination of alu- 
minium in steel. The method incorporates a prelimin- 
ary mercury cathode separation followed by treatment 
with sodium hydroxide to remove elements which 
interfere in the formation of the aluminium—dye 
complex. Recent work by Hill’-* with the dye 
Eriochrome Cyanine R suggests that interference due 
to iron and certain other heavy metals may be over- 
come by complexing with either thioglycollic acid or 
ascorbic acid. The present authors found that the 
presence of thioglycollic acid inhibits the colour de- 
velopment somewhat and gives non-reproducible 
results: ascorbic acid causes the optical density of the 
aluminium—dye complex to fade rapidly and consider- 
ably impairs the precision of the procedure. 


It was concluded that a preliminary separation of 


iron and manganese followed by colour development 
with Solochrome Cyanine R based on the authors’ 
previous paper® would provide the best approach to 
the determination of alumina in slags. 


DECOMPOSITION OF THE SAMPLE 

Several recommended methods for the rapid dissolu- 
tion of slags have been examined. One of the best of 
these is the method proposed by Clarke? for the anal- 
ysis of cupola slags. This consists of dissolution of the 
sample with a mixture of hydrofluoric, nitric, and per- 
chloric acid in a large platinum dish which is suspend- 
ed in a radiation bath. It is necessary to remove the 
hydrofluoric acid since it bleaches the aluminium-dye 
complex; its complete removal is effected by fuming 
the solution strongly for 5 min, diluting with water 
and repeating the fuming treatment for a further 
period of 5-10 min. This treatment leads to the forma- 
tion of insoluble compounds which may be redissolved 
only with considerable difficulty. Digestion with 
hydrochloric acid followed by a third evaporation to 
fuming with perchloric acid seems to decompose most 
of the residue, but a small amount of material remains 
undissolved after treatment with the above mixed 
acids in most steelmaking slags, especially those con- 


taining appreciable amounts of alumina and/or 
manganese oxide. This residue must be filtered off, 
ignited, treated with hydrofluoric acid and sulphuric 
acid, and finally brought into solution by fusion with 
sodium carbonate. 

Consideration was also given to the dissolution pro- 
cedure used by the Raw Materials, Slags and Refrac- 
tories Analysis Sub-Committee (MG/DA) of BISRAY®. 
The slag is dissolved by the slow addition of hydro 
chlorie acid to a suspension of the sample in boiling 
water. The solution is then oxidized with nitric acid 
and evaporated to fuming with perchloric acid; the 
silica is removed by filtration and then volatilized with 
hydrofluoric acid in the presence of sulphuric acid. 
After a sodium carbonate—borax fusion, the residue is 
extracted in dilute acid and added to the main solution. 
This procedure is only slightly longer than the BCIRA 
procedure when applied to steelmaking slags; the use of 
hydrofluoric acid in the initial solvent acid is avoided 
and thus there can be no danger of its incomplete 
removal due to an inadequate fuming treatment with 
perchloric acid. Experience has shown that this pro- 
cedure is highly satisfactory, providing complete 
dissolution of a wide variety of steelmaking slags. 


SEPARATION OF ALUMINIUM 
The ratio of iron to alumina in slag permits of a direct 
sodium hydroxide separation of iron and manganese 
without the danger of absorption of aluminium on the 
hydroxide precipitate. The mercury cathode pro- 
cedure of the authors’ earlier paper® is now omitted. 
In the proposed method, an aliquot containing 5 mg 
of the dissolved sample is treated with sodium 
hydroxide and hydrogen peroxide to remove iron and 
manganese. Separation of iron is much improved if 
the sample contains more than 10°, manganese oxide. 
The precipitate then coagulates rapidly and filters 
more easily. To ensure that the manganese content is 
adequate an addition of 1 mg of manganese before 
separation is incorporated in the procedure. In the 
authors’ earlier work it was shown that after separa 
tion with sodium hydroxide, satisfactory results could 
be obtained by taking an aliquot containing 2-70 yg of 
aluminium and developing the aluminium—dye com- 
plex under carefully controlled conditions. Further 
experience has shown that maximum reproducibility 
of colour development is obtained when the range is 
limited to 2-60 pg of aluminium, equivalent to 4 
113 zg of alumina. In the proposed procedure for the 
determination of alumina, an aliquot containing 2-5 
mg of sample is taken from the filtrate after separation 
to cover a range of 0-15-4-5°, alumina. The procedure 
was slightly modified to extend the range of the meth 
od to cover slags containing 4-22°,, alumina. In this 
case an aliquot containing 0-5 mg of sample is taken 
from the filtrate and the procedure for colour develop 
ment is similar to that originally used for the analysis 
of steel. 


INTERFERENCE EFFECTS 


The interference effects of calcium oxide, phosphorus 


pentoxide, and magnesium oxide have been studied 
using synthetic solutions. In addition the effect of the 
following constituents studied: perchloric 
acid introduced during the dissolution procedure 
chromic oxide which is sometimes present in electric 


has been 


are furnace slags, and fluorine 


Journal of The Iron and Steel Institute June 1960 





192 Scholes and Smith 


TABLE | Recovery of alumina from synthetic slag sample, 


low-range method 


Colorimetric determination of alumina 


TABLE I! Recovery of alumina from synthetic slag sample, 


high-range method 





una found, 





f alcvum oxide 
The presence of up to 5 mg of calcium oxide does not 
interfere with the colour development procedure. 
Phosphor US pF ntoxide 

Bacon® noted that phosphates interfere in the colour 
development when using the dye Solochrome Cyanine 
RS. This ' : 
found that phosphorus pentoxide present in amounts 
greater than 0-9 mg in the aliquot taken for colour 
development has a depressive effect on the formation 
of the aluminium—dye complex. Provided that this 
level is not 


was confirmed by the present authors who 


interference from 
phosphorus pentoxide in the ‘high range method’ but 
in the ‘low-range method’ 


exceed 36° = 


exceeded there is no 


its concentration should not 


Va ynesium oxide 


\luminium is partially precipitated during the sodium 


hydroxide separation if magnesium is present in the 
solution. If, however, the aliquot taken for separation 
contains at 
oxide content 


least O-5 mg of iron and the magnesium 
does not exceed 0-8 mg, recovery of 
aluminium is complete. The magnesium oxide content 
of the sample must not be greater than 16°; this value 
is rarely exceeded in practice but in exceptional cases 
a smaller aliquot must be taken from the main solu- 
tion. To ensure that the iron content is adequate in 
preventing loss of aluminium during the sodium 
hydroxide separation, an addition of 0-5 mg of iron is 
Incorporate d in the procedure. 

Perchlor 
The presence of up to 0-5 ml of perchloric acid as 
sodium perchlorate) in the aliquot taken for colour 
development is without effect. In the proposed pro- 
cedure the aliquot will not contain more than the 
equivalent of 0-1 ml of perchloric acid. 


ic ae id 


‘hromic oxide 
After separation with sodium hydroxide in the pres- 
ence of hydrogen peroxide, chromium is present as 


sodium chromate. Tests indicate that up to 75 pg of 


chromic oxide (Cr,O,) taken for colour development is 
without effect, but low results are obtained if this 
concentration is exceeded. In the high-range method, 
therefore, a concentration of up to 15°, chromic oxide 
may be tolerated and up to 3% in the low-range 
method. 

After separation a further addition of hydrogen 
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Alumina found, 


Alun 
mg 


20 


40 





peroxide is made to the acidified solution to complex 
any titanium present in the slag. If chromium is pres 
ent, a blue coloration of perchromic acid is formed 
which rapidly decomposes to give the green chromic 
salt. The first appearance of this coloration coincides 
with the tolerance level and thus provides a warning of 
chromium interference. 


Fluorine 
Fluorine (as sodium fluoride) bleaches the colour of the 
aluminium dye complex if more than 10 pg is present 
in the aliquot taken for colour development. Tests 
established that fuming with perchloric acid at a 
temperature that will maintain a steady reflux of acid 
on the sides of the beaker removes the greatet part of 
the fluorine in fluorine-containing slags, leaving only 
0-1-0-2°, in the solution. As the fluorine content of 
the slag samples is not always known it was considered 
advisable to incorporate a fuming treatment in the 
procedure as a safeguard and remove fluorine in every 


case 


RESULTS 


The proposed method for the determination of alumina 
in slag which is described in the Appendix, was tested 
by making additions of standard aluminium solution 
to a synthetic slag solution. The results obtained with 
the low-range method (0-15 

l and show a mean error of 


$-5°.) are given in Table 
0-06°,, alumina. The 
results obtained with the high-range method (4-22° 
are given in Table Il and mean error of 
0-16°,, alumina. The composition of the synthetic 
sample is shown in Table II]. 

The method was then applied to four samples of iron- 
and steelmaking slag previously analysed by the 
MG/DA Sub-Committee using their recently developed 
oxine procedure.® In addition, the authors’ method 
was applied to a sample of cupola slag previously 
analysed by the BCIRA Methods of Analysis Sub- 


show a 


TABLE Ili Composition of synthetic slag sample 














Scholes and Smith 


TABLE IV Comparison between volumetric and proposed 
methods for determining alumina 





Methods of 
Analysis 
ttee 


results and 


Comn 


MGS 296 
Corby 
furnace 
MGS 267 


blast-furnace 


blast 


siag 


MGS 346 
Fluorine 
MAS 128 
Cupola slag 
MGS 268 


Basie OH s 





Committee using a fluoride volumetric method.! The 
results obtained are compared with members’ re 
sults!®.!1 in Table IV. The approximate compositions 
of the five slag samples are given in Table V. 

Samples MGS/296 and 267, and MAS/28 wer 
analysed by the high-range method: the individual 
were rounded off to the nearest 0-10° ind 
gave a maximum standard deviation of 0-25‘ 
ilumina. Samples MGS 346 and 268 were analysed by 
the range method: the 
rounded off to the nearest 0-05 
standard deviation of 0-10 
tained by the two methods with 
the possible exception of MGS 296 where the mean 
value is somewhat lower than members’ results. The 
precision obtained is considered to be satisfactory for 


results 


low individual results were 
and gave a Maximum 
alumina. Results ob- 


show ron vd agreement 


a colorimetric method which depends upon the forma 
tion of an aluminium complex with a dyestuff 


CONCLUSIONS 


A method has been developed in which the formation 
of a coloured complex between aluminium and Solo- 
chrome Cyanine R can be applied to the determination 
of alumina in ind 
range 0-15—22°.. Chromic oxide and magnesium oxide 
interfere with the method but in each case the maxi 
mum permissible content of these elements is suffi- 
ciently high to render the method applicable to a very 
wide range of slag compositions. 


iron steelmaking slags over the 


The method Is more rapid but somewhat less prec is 
oxide method. It Is 
particularly suitable for the analysis of large batches 


than the conventional volumetri 


of slag samples for production control and also for 


research into steelmaking processes 
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TABLE V_ Approximate percentage composition of samples 





MGS MGS MGS MGS MAS 


67 265 296 2 
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The dye solutions must be prepared daily and set aside for 
at least 1 h before use. Glassware that has been in contact with 
these solutions should be rinsed with nitric acid and washed 
thoroughly with water before use. 


Buffer solution, concentrated Dissolve 275 g of ammonium 
acetate and 110 g of hydrated sodium acetate in 1 |. of water. 


Add exactly 11 ml of glacial acetic acid and mix thoroughly. 
Buffer solution, dilute To 1 vol of concentrated buffer solution 
add 5 vol of water and adjust the pH to 6-10 
acetic acid or sodium hydroxide solution 


0-05 by adding 


Fusion mixture Thoroughly mix 3 parts of sodium carbonate 


with 2 parts of anhydrous borax 
Standard aluminium solution Dissolve 0-7937 g of high purity 
aluminium in hydrochloric acid, add 20 ml of perchloric acid, 
evaporate to fuming and dilute to | 1. in a calibrated flask 

1 ml= 1-5 mg Al,O, 


Dilute standard aluminium solution Dilute 100 ml of standard 
aluminium solution to 500 ml in a calibrated flask 


1 ml 300 pg Al,O, 


Manganese solution 


Dissolve 4-1 g of manganese sulphate 
(MnSO,.4H,O) in 100 ml of water and dilute to 1 1. 


1 ml=1 mg Mn 


fron solution Dissolve 0-5 g of high-purity iron in 20 ml of 
acid and dilute to 11 


0-5 mg Fe 


hydrochloric 
1 onl 


Procedure 

Decomposition of the sample 

Transter 0-5 g of sample (ground to pass a B.S. no.85 mesh 
sieve and dried at 105°C to constant weight) to a dry 250 ml 
beaker, add 10 ml of water and heat to boiling. To the boiling 
solution, slowly add 20 ml of hydrochloric acid (sp. gr. 1-16— 
1-18) at such a rate that the boiling is maintained, and oxidize 
with nitric acid (sp. gr. 1-42). Add 15 ml of perchloric acid 
(sp. gr. 1°54), cover the beaker with a clock-glass and evaporate 
to fuming. Continue fuming for 10 min at a temperature that 
will maintain a steady reflux of acid on the walls of the beaker 
Cool, add 10 ml of hydrochloric acid and digest until all 
soluble salts are dissolved. Add 50 ml of hot water, swirl the 
and filter through a paper-pulp pad, washing alter 
nately with hydrochloric acid (5% v/v 
the filtrate 


solution, 


and hot water. Reserve 


Ignite the pad and precipitate in a platinum dish at about 
ol, moisten the residue with a few drops ot water, add 
0-5 mil of sulphuric acid (25°ov/v), 10 ml hydrofluoric acid and 


evaporate to dryness under an infra-red lamp. Remove 


700°C, Co 


the 
last traces of sulphuric acid by heating on the hot plate and 
then heat TOO ¢ 


at about for 5 min. Cool, place 2 g of fusion 


mixture in the platinum dish, heat at the mouth of the muffle 
furnace for 10 min and then fuse for 20 min at Cool, 
cautiously add 10 ml of hydrochloric acid (20° 


clock-glass 


Pooo'c, 
, ViVi), place a 


on the dish and heat 


gently on the hot plate until 
lransfer the 125 ml 
extraction twice or until all the residue 
dish. Boil the solution to ensure complete 
residue, cool and add to the 


effervescence ceases solution into a 


beaker and repeat the 
is removed from the 
dissolution of the 


Dilute the 


main filtrate. 
solution to 1 |. and store ina polythene bottle. 


to a 200 ml stainless steel 


»f sodium hydroxide so 
solution, | ml of mang 


ogen peroxide (5 vol). (It is essential to 


yen peroxide for the preparation of 


grade is suitable.) Cover the beaker 
cl glass, heat to boiling point and boil gently for 
nin. Remove the from the hot plate, add a little 


iside for 5 min. Filter through a tight p pel 


beaker 


paper pulp and set 


pulp pad (in a polythene funnel) into a 200 ml polythene 
beaker. Wash the pad thoroughly with small volumes of warm 
water allowing the pad to drain completely between each 
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wash. A total of 100 ml of water will be required. To the filtrate 
add 15 ml of hydrochloric acid (50% v/v), two drops of phenol- 
phthalein indicator and complete the neutralization to the 
change point of the indicator with a dropwise addition of 
hydrochloric acid (50% v/v). Stir the solution during neutral- 
ization with a polythene rod and add 0-5 ml of hydrochloric 
acid (50°,, v/v) in excess. Cool the solution. 
Colour development 


High-range method For samples containing 4-22° 


Al,O . 

Dilute the solution to 200 ml in a calibrated flask (note 3) and 
transfer a 20 ml aliquot to a 250 ml beaker (note 4) (For batch 
analysis the number of aliquots taken for colour development 


should be restricted to eight including a reagent blank.) To the 
aliquot add 5 ml of hydrogen peroxide (5 vol) and mix well. 
Neutralize carefully by the addition of sodium hydroxide 
solution (8°, w/v) from a polythene dropping bottle and add 
one drop in excess. Titrate immediately with 0-2 N hydro 
chloric acid, add exactly 1-0 ml of acid in excess and mix 
thoroughly. Add exactly 5-0 ml of Solochrome Cyanine R solu- 
tion (0-1°, w/v), mix, add 50 ml of dilute buffer solution and 
dilute to 100 ml in a calibrated flask without delay 

Lou 


range method For samples containing 0-15—-4-5% AI,O,,. 


Transfer the filtrate to a 500 ml beaker (note 3), insert a 
boiling rod and evaporate to about 90 ml. Cool, dilute to 
100 ml transfer a 50 ml (note 4) 
aliquot to a 250 ml beaker. Add 1 ml of hydrogen peroxide 
(25 vol) and mix well. Carefully neutralize with sodium hydrox 
ide solution and dilute acid as described above. Add exactly 
1-0 ml of Solochrome Cyanine R solution (0-5°% w/v) from a 
10 ml semi-micro burette, mix, add 45 ml of dilute buffer solu 
tion and dilute to 100 ml in a calibrated flask without delay. 


in a calibrated flask and 


Measurement of optical density 

Set the solution aside for 30 min and then measure the optical 
density against a reagent blank solution in 5-mm cells with a 
spectrophotometer at wavelength 535 mu. the instru 
ment against the blank solution before each sample solution 
the blank 
approximately 0-17 for the high-range method and 0-25 for 
the low-range method. 


Leset 


is measured. The optical density of solution is 


Optical density measurements can also be made with an 
absorptiometer. An instrument with a mercury-vapour lamp 
using Ilford 605 and Calorex H 503 filters is suitable, the sensi 
tivity is reduced by about half and it is necessary to measure 
optical density in cells. In circumstances, the 
optical density of the blank solution is about 0-25 for the high 


l-cm these 
range method and 0-35 for the low-range method. If measure- 
ments are made with a Hilger photoelec tri absorptiometer, 
the ‘zero setting’ method should be used in preference to the 
‘water setting’ method.” 

Each batch of test solutions must be accompanied by a 
blank The 
simplified by the 


reagent solution. blank determination 


may be 
treatment; the fusion 
mixture should instead be dissolved directly in the filtrate. 


omitting residue 


Calibration 

Lou method 

l'o six beakers, add the following reagents: 1 ml of perchloric 
acid (sp. gr. 1:54). 6 ml of hvdrochlorie acid (20°% v/v), and 
10 ml of water. To each solution, add standard alumina solu- 


rande 


tion according to the following schedule: 


Volume of dilute standard aluminium 
300 pg Al,O,), ml alumina, 
Nil Nil 

0-6 


1-2 


3°6 


4-8 


Equivalent 
solution (1 ml 


Dilute each solution to 100 ml in a calibrated flask. Take a 


10 ml aliquot and finish as described under ‘sodium hy droxide 


separat ion’, 
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High-range method 
Proceed as described in the low-range method calibration but 
using the standard the 
following schedule: 


aluminium solution according to 


Volume of standard aluminium solution 
(1 ml=1-5 mg Al,QO,), ml alumina, 
Nil Nil 


Equivalent 


For the batches of BDH dyestuff* used in the authors 
laboratory, it was found that the calibration graphs intersected 
the concentration axis at 0-2%, in the high-range method and 
0-05% in the low-range method. The factors obtained by the 
authors with a Unicam SP 600 spectrophotometer are given 
below: 

For the range 0-15-4-5°, Al,O,;: 

5-84) + %Al,O, 
For the range 4—22°,Al,0, 
26-6) + 0-2= %AIl,QOs . 


(dgmm . 0-05 


(dgmimn . 





* Since the work on this method was completed, the authors 
have had an opportunity of testing Merck Eriochromeyanin 
Calibration 
graphs prepared with this reagent intersect the origin; the 
slope is practically identical with Solochrome Cyanine R 
graphs but the blank value is slightly lower. Merck reagent is 
obtainable from Ltd, 87 
London SEl. 


R specified ‘for determination of aluminium’. 


Anderman and Co. Tooley Street, 
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These factors are intended as a guide only; specific factors 
must be determined for individual instruments 
The 


of the 


authors have at times noticed a slight drift in the slope 
calibration curves when using BDH Solochrome Cyan 
ine R. Thus it is recommended that the calibrations should be 


checked occasionally, say, OnNCe a Wet k. For this purpose two 


calibration points and a reagent blank are adequate for each 
range. ' and 3-6° 


method and 6° 


Suitable points are 1-2 


and 18° 


for the low-range 


for the high-range method. It is also 


batch 


advisable to check the calibration curves 
of dyestuff 


with each new 


NOTES 


1. The aliquot taken for the sodium hydroxide separation 
must not contain more than 0-8 mg of magnesium oxide. If 
the sample contains more than 16°, magnesium oxide, a 
smaller aliquot should be taken. 

2. A blue formed on the walls of 


beakers which have been in constant use for some time 


film is stainless-steel 
This 
film, which is presumably a corrosion product, may easily be 
removed by momentary The 
beakers should with sodium hydroxide 
solution (8°, 


treatment with acid 


boiled 


, w/v) before use 


nitric 
then be out 
3. To avoid contamination from other sources it is recom 
mended that glassware should be set aside for the colour 
development procedure. This glassware should not be used for 
any other purpose in the laboratory 

4. The aliquot taken for colour development must not con 
tain more than 75 yg of chromic oxide. In the high-range 
method, therefore, a concentration of up to 15°, chromium 
trioxide may be tolerated and up to 3° in the low-range 
method. If these contents are exceeded, a smaller aliquot 


should be taken for the sodium hy droxide separation. 


Desulphurization of basic electric arc furnace 


steel by the injection of powdered materials 


L. Marples, B.Sc., A.R.I.C., and J. Pears, Assoc. Met., A./.M. 


INTRODUCTION 

THE REFINING PERIOD in the electric are furnace, i.e. 
when the molten metal is held under a reducing slag 
for sulphur removal, is the time when the hydrogen 
content of the steel can increase to undesirable levels. 
For very low sulphur steels extremely long refining 
times are necessary and the present investigation was 
conducted with the aim of reducing these times with 
consequent increase in productivity and a reduced 
possibility of hydrogen pick-up. 


Paper SM/AC/34/60 of the 


the Steelmaking Division of the British Lron and Steel Research 


etric Process Sub-committee of 
Association received 4 April 1960. The views expressed are the 
authors’ and are not necessarily endorsed by the Committee as 
a whole. 


The authors are at the BISRA Sheffield Laboratories 


SYNOPSIS 

Rapid de sulphurization of steel to ve ry low levels has 
been achieved by the injection of powdered de sulphuriz- 
ing agents directly into the metal bath of a basic electric 
The work which has been carried out at 
BISRA using this technique ts reviewed and an indica- 
tion 1s given of the cost of the materials used. 1844 


arc furnace. 


The equilibrium distribution of sulphur between 
slag and metal depends upon the basicity of the slag 
and the degree of oxidation of the system.!~* The rate 
at which this distribution is approached is governed at 
constant temperature by the rate of diffusion of the 
reaction products from the slag/metal interface into 
the bulk of the slag,*5 and by the area of contact of 
the slag and metal.® 
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TABLE | Typical analyses of injected alloys 





Calcium-—silico— Calcium-silico- Calcium 


magnesium, % manganese, ° silicide, 





54-9 50°5 60:: 
30-1 : 
10-3 





The injection of a finely divided basic material 
directly into a metal bath should increase both the 
degree and rate of desulphurization, since the basicity 
of the slag produced is high and the area of the slag, 
metal interface is increased. The slow diffusion of the 
sulphur in the slag should no longer be a rate-deter- 
mining step. If the material injected is also a de- 
oxidizer, or if a deoxidant is injected at the same time, 
then the oxygen content of the metal will be lowered, 
increasing the degree of desulphurization. 

Experiments, therefore, have been carried out in 
which powdered desulphurizing agents were injected 
directly into the metal bath of an electric are furnace 
at normal steelmaking temperatures. The results of 
these tests are presented in this paper. 


EXPERIMENTAL PROCEDURE 
Injection under a minimum of slag 
The metal bath was put under a white reducing slag in 
a 10 ewt electric are furnace until the sulphur con- 
centration of the metal was reduced to about 0-015°%, 
The slag was then removed almost completely and the 
desired quantity of powdered reagent, with or without 
deoxidizer, injected into the bath through 4-in. Class C 
tubing using ‘oxygen-free’ nitrogen as the carrier gas. 
The reaction products from the injection were left on 
the metal surface to form a new slag. A British Oxygen 
Gases powder dispenser was used for the injection. In 
each experiment the lancing was divided into a num- 
ber of parts to determine the course of reaction. 
Eighteen experimental heats were carried out using 
this procedure and the powdered materials injected 
were burnt lime, burnt lime plus carbon, calcium 
cyanamide, calcium carbide, Raremet compound 
no.5, calcium silicide, and calcium silicide plus burnt 
lime. Mixtures of the above, together with either 
powdered aluminium or magnesium, were also 
injected. 


Injection under a white reducing slag 

The metal bath was put under a white reducing slag in 
a 1-ton electric are furnace and metal and slag samples 
and temperatures were taken at regular intervals so 
that the rate of desulphurization for that particular slag 


TABLE Il 
oxidized bath 


Desuiphurization of basic electric steel 





*#—S Removal | ht 7 —_ de injected j08 
—a—C Pick up ot & 
ae Removal | Calcium Bical nected 
0:028F-V fon up Jb Heat BI46 is ' 
2 emovao! | Ca Icium silicide njecter 

1— SPick up f Heat BI92 


10 
BAS 


tions into Fe 











1 Inje 


could be determined. The desired quantity of powdered 
reagent was then injected as described above. A metal 
and a slag sample and a temperature were taken im- 
mediately after the injection was completed. In most 
of the experiments a sample was taken from the ladle 


‘after tapping. Hydrogen sampling was carried out in 


a few of the experiments. 

Eighteen experimental heats were conducted using 
this technique and the materials used for the injections 
were calcium-silico—magnesium, calcium-silico—man- 
calcium silicide, burnt lime plus magnesium 
powder, and calcium carbide. Typical analyses of the 
alloys injected are presented in Table I. 


ganese, 


RESULTS 

The investigation involved the partial or complete 
analysis of some 230 individual samples; typical 
examples are presented in Tables IT and III and 
Figs.1—6. Detailed analytical results of all the experi- 
ments conducted may be obtained on application to 
the authors. 


DISCUSSION 
When powdered calcium carbide is injected into a 
metal bath the following reactions occur: 


-(CaQ) 


>(CaS)+ 2 


Similar reactions occur when calcium cyanamide 


Typical experiment carried out under a minimum of slag; calcium cyanamide injected into an aluminium de- 





Tem] 

( ( 
I 1590 
il 1610 
Lif 1615 
e IV 1600 
V 1650 


U-44 


Metal analy 


0-021 
0-014 
O-O] 

0-014 


0-O1 2-10 


1-90 





ton +2 lb aluminium /tor 
s injects 


<d/ton/min 
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Typical experiment carried out under white reducing slag conditions; calcium-silico-magnesium injected 





Heat ine I 


( 


1615 
1615 
1620 
1600 
20 1b calciun 
injected /ton 
Sample \ 
Samy le VI 
Metal tapped 


Sampie tr 





and calcium 
reaction is: 


silicide are injected. With lime 


aQ -(Cas 6) 


To enable the desulphurizing reaction (2 
the metal bath must be well deoxidized, otherwise the 
deoxidizing reaction (1) will take plac e preferentially, 
the oxide of calcium being much more stable than the 
sulphide. For lime to be effective equation (3) shows 
that oxygen must be maintained at a low level. 

Aluminium lowers the oxygen concentration of a 
metal bath far more than ferrosilicon, which accounts 
for better results being obtained when basic materials, 


} To o« cur, 


e.g. calcium carbide and calcium cyanamide, were 
injected into aluminium deoxidized baths (Fig.2) as 
compared with injection into ferrosilicon deoxidized 
baths (Fig.1). 

A similar effect was noted when calcium silicide was 
injected. Figure 2 summarizes all the experiments on 
injection into aluminium deoxidized baths and shows 
that reproducible values of about 0-005°,S were 
obtained by injecting either calcium cyanamide or 
calcium carbide. Burnt lime was the least efficient de- 
sulphurizer under these conditions, probably because 














i 0-008 os 


of the difficulty of removing oxygen rapidly enough to 
allow reaction (3) to proce ed in the time available. In 
one heat when the metal was analysed for residual 
aluminium the concentration of aluminium was shown 
to be less than 0-01° 

Rare earths, either the metals or their oxides, have 
been re ported to he good desulphuriz rs —— whit h is 
to be expected since the rare earth sulphides are very 
stable. In the two experiments carried out in which 
Raremet compound (a mixture of the oxides) was 
injected, very little sulphur removal occurred at the 
low sulphur levels studied. These disappointing results 
are probably due to the fact that desulphurization by 
injection of an oxide requires the same conditions as 
for reaction (3) 

Experiments have been reported!®-!? in which pat 
tial desulphurization has been achieved by treating 
steel with magnesium or magnesium-aluminium alloys 
This is to be expected since magnesium, in addition to 
like aluminium, is also a 
strong sulphide former in a deoxidized bath. It was 
decided, therefore, to inject mixtures of powdered 


basic materials and magnesium powde r to bring about 


being a strong deoxidant 








Iniection of por 
into Fe—Si deox 
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it re 
20 30 
TIME 


min 
, 


(20 lb 


4 Calcium-silico—magnesium under 


injected per ton) 


reducing slag 


a greater degree of desulphurization. Powdered 
magnesium when injected into molten metal at high 
concentrations can result in violent reactions. Fre- 
quent blockages of the lance can also occur. When di- 
luted by about four times its weight, of a dense powder- 
ed basic materiale.g. calcium carbide, ortwiceits weight, 
of a light powdered basic material e.g. burnt lime, 
the mixture can easily be dispensed. Four experiments 
were carried out in which the magnesium mixtures 
were injected and a comparative summary of these 
experiments is shown in Fig.3. This shows that sulphur 
concentrations of 0-005°, and less were easily obtain- 
able by injecting mixtures of calcium carbide, calcium 
cyanamide, or burnt lime with magnesium powder 
into ferrosilicon deoxidized baths. Of the mixtures 
used that of burnt lime and magnesium powder offers 
the most promise with least deleterious side effects, 
providing the burnt lime is thoroughly dehydrated. 

Injections under white reducing slag conditions 
were then carried out so that the rate of sulphur 
removal obtainable with a particular reagent could be 
measured. 

An initial experiment conducted in which 
‘oxygen-free’ nitrogen was blown into the metal bath 
under a reducing slag. No sulphur removal occurred at 


was 


TABLE IV Tapping on to reagents in the ladle 





tap 0 10 
After tap 


Before tar 


i O-Ool1l4 
After tap 


O-Ool2 1 
B416 Before tay 7 «80°35 


I 
After tar 0-63 


manganese 


14 Ib/ton 
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TIME, min 


5 Burnt lime+Mg under reducing slag (24 lb CaQ/5-9 lb Mg 
injected per ton) 


a 0-011° sulphur level. Experiments were then 
carried out using powdered limestone as the injectant 
into the metal bath under a white reducing slag. A 
sulphur reversal occurred, the sulphur concentration 
of the metal bath being increased at a 0-020% 
initial sulphur level. A possible explanation for this 
is that the carbon dioxide, produced from the 
dissociation of the limestone during the injection, 
oxidized the metal bath, causing the sulphur reversion. 
To prevent this increase in the oxygen content of the 
metal, magnesium powder was injected with the lime- 
stone. This was, however, insufficient to overcome the 
oxidizing effect from the breakdown of the carbonate 
and little sulphur removal occurred. 

Following the large degree of desulphurization 
achieved during the experiments in which mixtures of 
basic materials and magnesium powder were injected 
under a minimum of slag, it was decided to inject 


TABLE V_ Injections under white reducing slag conditions 





in 
crease /|b 
injected 
ton 


Element 
increas 


Calcium-silico 
magnesium 0-0195 
O19 
ose 
O15 
O17 
020 


ale ium silic ide 


O29 
alcium-silico 
O26 


Old 


nanganese 


O16, 

010— 
O21 
Ol 
O06 
O12 


OO? 


Cal 


TNanganese 


B446 


lum—s1lico 


20 lb/ton 


ore 
er tap 


B458 ‘alcium carbide 


0-45 
0-91 


0-0148 
0-0146 


tap B459 
B460 
B461 


004. 


Ou3 
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30 40 
TIME, min 


6 Calcium carbide under reduc ing slaq (30 lb injected per ton 


powdered calcium-silico—magnesium, i.e. a 10% 
magnesium alloy, and burnt lime/magnesium powder 


mixtures under white reducing slags. The results pre- 


) 


sented in graphical form in Figs.4 and 5 are typical of 


those obtained during these injections. Figs.7 and 8 
show the rate of change of the sulphur content of the 
metal bath with time during two of these injections. 
The increased rate of desulphurization during the 
injections, as shown in Figs.7 and 8, is the average 
rate of sulphur removal occurring during the interval 
from the time the injection was commenced until the 
time the next sample was taken. In all of these experi- 
ments rapid sulphur removal occurred; the actual rate 
of desulphurization during the injections varying 
from 0-002°, to 0-007°% sulphur removed per minute 
assuming all the sulphur removal occurred during the 
injection time. Very low sulphur concentrations of the 
metal were achieved; in one case a final level of 
0-002°.S reached. During the 
calcium-silico-magnesium an increase in the silicon 
content of the metal occurred; this increase varied 
from 0-019°% to 0-030°, /Ib of alloy injected/ton of 
metal treated. When the metal was tapped on to the 


was 


TABLE VI Injections under a minimum of slag 


injections of 





Bath 


O1L1L8 00-0003, 
OO86 O-O002 
m 
0052 O-o00] 

~ ig 


O131 = 06-0005 
4 


O133 0O-0005, 
3 


OLSS O-O00 
45 
0229 O-O006 
0279 00-0010 
0 

O167 Le 
1, 
008] 0006 
# 


0-0175 0-0006, 
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. 
20 c 40 
TIME, min 





Rate of S removal with time during calcium—silico—magne- 
g g 
sium treatment (20 lb injected per ton) 


alloy in the ladle little desulphurization occurred (see 
Table IV) and the silicon content of the metal was 
increased by only a small amount. The reaction in 
these ladle experiments was rather violent. 

The results obtained may be explained simply 
follows (in which the calcium-silico-magnesium is 
represented by an approximate formula): 

When the powdered alloy is injected into a silicon 
deoxidized metal bath, the oxygen concentration is 
reduced further: 


Ca,Si,Mg+ 130-—+2(CaO) + (MgO) 4- 5(Si0,) . saowsdh 


As the oxides of calcium and magnesium are much 
more stable than their sulphides this is the primary 

















4] 


8 Rate of S removal with time dur 1 hurn me/maqnesium 


powder treatment (24 lb ¢ l ner ton) 


i 
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TABLE Vill Commercial prices of reagents and carrier gases 


used e 





Consumption per 
annum, ft* 
10000 
12000 1-104 


7TROOO 7-000 


0-684 


Calcium carbide 
1 cyanamide 

(;rade A abou 
licide 

mpoun i no.5 
Magne im powder 
Aluminium powder 
Cal 
Cale: 


Cal ir 
surnt lirne 
Caleiun 


Raremet ¢ 





reaction until the oxygen potential of the bath is very 
low. When this is the case the desulphurizing reaction 
2) occurs rapidly 


Ca,Si.Mg + 3S—+2(CaS (MgS)-++-5Si_ ..... : 4 


The sulphur content of the bath is decreased speedily 
to low levels. Meanwhile, the silicon from the alloy 
dissolves in this highly deoxidized bath increasing the 
silicon content of the metal. 

When the metal is tapped on to the alloy in the 
ladie the increase in the oxygen content of the metal 
which takes place on tapping, together with the 
atmospheric oxygen, is sufficient to react with the 
majority of the alloy as in reaction (1). Negligible 
desulphurization of the metal occurs and the silicon 
content of the bath is increased by only a small 
amount 

Rapid sulphur removals have been obtained also by 
the injection of calcium silicide, caletum carbide, and 
A typical example of the 
results obtained is given in Fig.6. In the absence of a 
powerful deoxidizing agent, e.g. magnesium or alu- 
minium, however. these were relatively inefficient 
desulphurizers at the low sulphur concentrations. This 
was also true when the metal was tapped on to 20 Ib 
the 
ladle; 0-003°,S was removed in each case at initial 
0-015°,, and 0-017°,S respectively (see 


calcium-silico—-manganese. 


and 15 lb calcium-silico-manganese per ton in 


levels of 
Table IV). 

The percentage increases in the other elements con- 
tained in the metal bath per lb of injectant, when the 
injections were carried out under white reducing slag 
tabulated in Table V. In all of the 
oxvgen-free’ nitrogen the 


conditions, are 


injections was used as 
and an increase 


the métal was noted (Tables VI and VII). Te 


this, argon should be used as the carrier gas for certain 


carricr. gas 
avoid 
applications. 

Th 


per lb of reagent injected 


increases in the nitrogen content of the metal 
when the injections were 


] 


carried out under a white reducing s 

those noted 

slag. This was primarily due to the use of more efficient 
equipment for the 

which gave 


iv, were if ss than 


for the injections under a minimum of 


ing injections under the 


dispens 
reducing slags 


greater powder to gas 
ratios in the injected streams 

During three of the experiments hydrogen sampling 
was carried out, and in two of these, when calcium 
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TABLE Vil 


Desulphurization of basic electric steel 


Injections under white reducing slag conditions 





in the nitrogen content of 


0005. 


0029 OOO? 


OOLS Hoo3g 
OOS Ooo? 

WO2, 
OOoL6 OOOL, 
Ooo] 


0004 


HOOD, 
qpepenee 
0034 0 VOUS, 
OOSO O-O001, 
5 

OOO 0-O000, 
0007 00-0001 
4 

0009 O000 
OO78 0004, 
OOSS Ooo] 
OOLS O000 
O52 Ooo. 
Hoo] 
4 


0-000] 





silico-manganese was injected, the rate of hydrogen 
pick-up was decreased by the injection. When burnt 
lime/magnesium powder was used for the injection the 
rate of hydrogen pick-up was virtually constant, in 
spite of the flushing. Particular attention should be 
paid to dehydrating the burnt lime thoroughly before 
it is used for injection purposes to reduce the rate of 
hydrogen pick-up. 

The results obtained from the analysis of the slags 
show a high sulphur partition between slag and metal 
in most of the experiments. 


Costs of injection 
Commercial prices of the reagents used in the above 
experiments together with suitable carrier gases, are 
shown in Table VIII. 

Two examples of the cost of 
follows 


injection are as 

i) 20 Ib calcium-silico-magnesium were injected 
under a white reducing slag at an initial sulphur 
concentration of 0-015°,,. The sulphur reduc. 
tion obtained was 0-008 


Total cost/ton of steel treated: 
using ‘oxygen free’ nitrogen as the carrier 

gas Sls 6d 

using argon as the carrier gas 56s 2d 

12 lb CaO/6 lb Mg were injected as above at an 

initial sulphur level of 0-008°,. The sulphur 


reduction obtained was 0-004°,. 


Total costiton of steel treated : 
using ‘oxygen-free’ nitrogen as 
cas 25s 6d 


irgon as the 


the carrier 


using carrier gas 30s 4d. 


FUTURE WORK 

Further experiments are to be carried out in which 
li powder mixtures, calcium 
magnesium (10°) and 15°), magnesium alloys) 

and caleium carbide ‘calcium 


me magnesium 


ferro—silico 
fluoride mixtures will be injected under white reducing 
slag conditions. The rate and degree of desulphuriza 


magnesium 


tion obtainable with a particular reagent is to be 
] 


studied at various rates of injection. From the results 
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obtained it is hoped to find an optimum injection rate 
for each reagent. During these experiments further 
hydrogen sampling will be carried out 


CONCLUSIONS 

1) It has been shown that steel can be rapidly de 
sulphurize d to low levels by the injection of powdered 
desulphurizing reagents. 

2) For rapid desulphurization to very low sulphur 
levels the metal must be strongly deoxidized, either by 
prior treatment with e by the inject 
ant containing magnesium or aluminium either as an 
illoy or in the elemental form 

3) Magnesium powder can vy dispensed 
when suitably diluted with powdered materials 

t) Reproducible sulphur values of about 0-005° 
can be easily obtained by the injection of calcium car- 
hide or calcium cyanamide into aluminium deoxidized 
metal baths, also by the injection of mixtures of 
ealcium carbide, calcium cyanamide, or burnt 
with magnesium powder into ferrosilicon deoxidized 
baths, under the minimum of slag 


gf. aluminium, or 


he safely 


lime 


5) The most rapid desulphurization to very low 
Is under white reducing slag conditions 
burnt lime powder 

li 


SLico 


sulphur leve 


was achieved when magnesium 


mixtures and calcium used as 
the injectants. The rate 
these injections varied trom 0-002 

6) Negligible change 
of the treated metal 

7) In all the 
was used as the carrier gas, re 
ontent of the 


magnesium were 
of sulphur removal 


to 0-007 


during 
os min 
in the sulphur concentration 
was noted ont ipping 
experiments ‘oxygen-free 

sulting In an 

metal. Argon shoul 

to overcome this disadvantags 


ritrogen ¢ 


8) The increase in the concentrations of the vari 


elements contained in the metal bath, namely 


Correspondence on the paper 


to the breakdown of the 
nye ted reagents, may prec lude the use of certain of 
industrial The 
lime/magnesium powder mixtures, however, ¢ 


and m inganese due 


silicon 


these reagents in processes, burnt 


lo not 


appeal to have iny deleterious side effect 
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A Iilustration of Ivanovw’s criterion 


According to the phase diagram the liquid composition at a 
temperature 7'-—dT is l’. Ivanov states that this is a result of 
two processes of which only the first has been considered in 
arriving at liquid /’,. With a change in composition only the 
liquid moves to point /’;. A change in the amount of the phases, 
corresponding to the separation of solid, displaces the liquid 


composition to l’,. The resultant change in liquid composition 


is from / to l 
This 


The composition of the solid phases formed at temperature T is 


now leads to a statement of Ivanov’s criterion: 


established hy the point where the tie line x8 or its extension meets 


the extrapolation of the line ll 


In Fig i the point of intersection is d. As on the old criterion 
for eutectic or peritectic reactions if the point of intersection 


is within the tieline «8 the reaction is eutectic (l->+x+ B); if it 


is on the right-hand extrapolation of the «8 tieline the reaction 
is peritectic (2 -+«—>8) and on the left-hand extrapolation peri 
tectic also (/ ~% 

Ivanov also points out that the direction Jl’, and therefore 
the tv pe of reaction 1s dependent on the average omposition 


of the alloy. Phe « xceptions to this rule are noted as follows: 


when the composition of the « and § phases does not 


with when « and § are 


change f in temperature, 1.e 
pure components 

} x, 8, and liquid curves are mutually parallel 

temperature under consideration 

the beginning of crystallization of alloys 
average composition is on the liquid curve 

whose composition is on the line Ja when the 

parallel to the tangent to the liquid curve at 

| 


ise /, 1’, l’,, and /’, lie on one straight 


Comparison of Hillert and Ivanov criteria 
The two Hillert can be used to 
the twoe 

1 7” . » sha . 7 -P uv and ti heed én 


500 


] tn, 500 


Linx 
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compare 


3 A pplication of Ivanov's criterion to the demarcation of 


reaction reqions 


The 


regions 1s 


use of Ivanov’'s criterion to demarcate the 
illustrated in Fig.B 


reaction 
For simplicity only the con- 
struction for the boundary line isolating the 8 corner is given. 


The 1+ a-+$/eutectic boundary line is determined as follows 


(1) draw a number of lines, ab and ac, parallel to 88’ and 
ax’ respectively. Join a toc 

i) the demarcation of the peritectic from the eutectic 
region coincides with the concurrence of 1’,/ with the /f 

side of triangle «Bl. Since I'l’, is parallel to /’,/ draw a 
line through /’ parallel to the /f side of triangle «fl 

iii) draw a line through / parallel to ab. The intersection of 


this line with the line through /’ parallel to /8 gives 
the location of UV, 
iv) join l’, toe. The point of intersection of this line wit! 


is a point on the boundary line 


The boundary line constructed from Ivanov’s criterion 


agrees well with that calculated from Hillert’s criterion. Dis 
crepancies between the two are due to errors in construction on 
the scale adopted for Fig.B. The advantage in using Ivanov’s 


terion is that a geometric method prov ides an easier solution 


eri 
in the case of non-equilateral three-phase triangles 
Allovs 


action regions undergo neither 


whose compositions lhe onthe boundary lines between 
peritectic nor eutec 


tion at the temperature 7’. In the case of the /--« 


} 


ne alloys undergo a two phase reaction (—>p at 


hi 
l 


-z/eutectic boundary line alloys undergo the / 


peritectic, 


ippli on of either criterion leads to the 
Ivanov noted that the transition from 

o eutectic reaction in this system 1s accomplish 
different alloys. The 


nperature s for 


eccurs at i 


particular temper: 


or Hillert’s) it can 


ansition fiom peritectic 


ov’s eriterion 
to eutectic re 

% apex of the «§/ triangle 
urve at the « apex becomes parallel to the tie line 


Tl, in Fig.3 of Hillert’s paper). With 


region 


when the tangent 


z/ (corre 


Pp mading to ten pe rature 
fall in temperature the eutectic grows and sweeps 


round from the x apex towards the B and l apices At 7 


tangent to the // curve at the 1 apex becomes parallel to 
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Other quantities to be used in de riving graph al representa 


tion of the mathematical criterion 


tieline a/. Corresponding to this the boundary between the 
peritectic and eutectic region passes point /. Finally, at 7’, the 


boundary sweeps past point § to convert the entire triangle 


into a eutectic region. At this temperature the tangent to the 
88 curve at the 8 apex becomes parallel to the tieline ai. 


In general, as Ivanov states, the boundary between the 
peritectic and the eutectic regions passes through the apices 
of the three-phase triangles in the same order in which the 


tangents to the curves ax, /J, and £8 at the apices x, /, and B 


respectively become parallel to the «/ tieline 


AUTHOR’S REPLY 
Dr Mats Hillert wrote: It has been brought to my attention that 


the problem of predicting from the phase diagram whether a re 
action is peritectic or eutectic was tackled by Schramm? in 1935 
1937. They 
interested in the amount of a phase, however, but also 


and by Schramm and Luckert* in were not only 
of a certain element. On account of this more 
approach thew 
On the other 


total content 


general mathematical treatment is quite 


complex. hand, this approach may resolve the 
problem whether the amount of a phase should be defined by 
its weight or number of moles mentioned in the introduction 
What one really 


, of course, whether a certain element will enter or leave the 


of the paper under discussion. likes to know 
is 
phase as the reaction proceeds 


Mr Princes 


found a graphical criterion, and in two particular cases, M1 


draws attention to the work of Ivanov, who has 





Graphical derivation of vector R from three other vectors 





E Vector R projected on three directions 


this ulated 


It seems that the com 


Prince compares with the mathematically forn 


criterion in the paper under discussion 


parison would be simplified if the mathematical criterion is 


also represented graphi ally, which can be done in the follow 


ing way 
} 


The mathematical expression derived the can be 


paper 


written as 


dng, } 


“a Ry, 


aw th 


used. The 
direction and magnitude of the 
, and Jr, are the projec 


tions of these arrows on the prescribed direction, which is that 


Figure C defines the other quantities to be arrows 


va, vs, and ry, represent the 


compositional changes and drg, 4a 


of hy. The quantity Rz can thus be obtained as the projection 


of a vector R on the pres ribed direction. One has 


Figure D den 


the sum of three 


onstrates how this vector is found graphically as 


vectors. The which define 


mean composition, 
, np, and ny is represented by the point O. The magnitude of 
three changes 4Jnyz, 4ng.and Any 
by evaluating Ry, Re, and Ry as the projection 
R on the ibed directions. as demonstrated in 
Fig.E. If one is only sion of Ana, Jn 

4ny, it is enough t an how the ver R directed 


npared with Ay, } In this partic ular case R point 


l the may now be obtained 
of the vector 
three pre 
nterested in the and 
, and hy 


from the « and 8 corners but towards the L corner, 


iat the amounts of x and wherea 


oO . 18 decreas 
hanges for two of the three 


should not compare Ry and Kk 


-o but 


itio is easily obtained 
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; 


e two ctors thus have the same direction and a/h in our information about the relative change of t of the three 
eal to ad/d8 in Ivanov’s. As a« onsequence, phases. It should thus be noticed that the extension of the 


] 


l’, in Ivanov’s criterion intersects the tieline 48 between 


rion found by Ivanov and the mathematical line 


paper under discussion, must always x and § if the amounts of x and § are both increasing or both 
s whether a certain reaction is peritectic decreasing 

ndeed, found by Mr Prince in the tv 
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The first 12 issues of Stal in English have been favourably received by the iron and 
steel industry in the UK and abroad. Number 1 of the 1960 series has now been 
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Improved blast-furnace gas cleaning 


S.A. Lewitt, B.Sc., M.1.E.E. 


INTRODUCTION 
rHE 
27 -tt 
with 


IRONMAKING PLANT at 


blast-furnaces installed in 


Shotton 
1953 


and 


1955, each 
primary secondary dust 
catchers. Beyond the dust catchers the gas is brought 
dust leg IS-ft dia 
packed serubbing-towers and three 28-ft dia. irrigated- 
tube type electro-precipitators of US design. The blast 
furnace gas is used for the blast-furnace stoves, under 
tiring the cok 
tor water-tube boilers in a central power station 


ind 
conventional 
to a 


common followed by tw 


oven batteries, and the balance mainly 


The plant specitication promised the following dust 
burdens 


Leaving we her ) rrift with 


GuOOO tt 


Leaving 0-005 gr/ft® with 60000 ft min 


throughput 
With one precipitator out of service the dust burden 
was expected to be 0-0175 gr/ft®. 

Early experience with the plant showed that these 
figures could be obtained only very occasionally, the 
averages being very much higher. Even week-to-week 
much as 4 | 
figures experienced being as follows 


averages changed bv as the range of 


Inlet to washe 


Outlet from washers 0-2-0-7 gr/ft 


Outlet from pre pDitato 0-005 0-04 or/ft 


The reasons tor this wide range were investigated 
over a lengthy period; everything that went into the 
furnace, and everything that came out 
and 


was studied 
relate 
Some 


made to 
variables with the variations in gas cleanliness. 


analysed, and attempts were 


of these variables, particularly moisture content of the 
blast, water additions to the top of the furnace, ore 
coke ratios, and the temperature of the iron, seemed to 
extent to move in svmpathy 


some with the gas 


Manuscript rece 


a 2° Se ptember 1954 
I 


The author i ith John Summers and Sons Ltd, Sho 


Chester 


consists ot two 


SYNOPSIS 
This paper 


leaning plant 


Ii scribe the investigation into a as 


27 -ft blast-furnace The 


three tage cleana i] plant was unable to clean down to 


res acces ptable for unde rfiring coke-ovens and caused 


ous de posits in the power station boiler plant and qa 
mar {/terations were made to the electro 
and to the of the 


dust burden is now less 


pret ipitators 
sult the final 


internals washers | ye 


than th Previous average 
consistently 0-001-0-0015 gristd. ft? 


178] 


of the 


fire ‘ and 


cleanliness. Figure 1 shows an interesting graph of 
dust burden plotted against moisture content in the 
blast over a period of about eight days. But as most of 
these factors were dictated by the day-to-day needs of 
blast-furnace operations they could not be looked 
upon as really helpful to the problem 

After about a vear of operation it was evident that 
there was no simple solution, and all the gas consumers 
were in serious trouble. It is common practice in coke- 
oven operations not to accept blast-furnace gas ata 
higher figure than 0-008 gr/ft®, owing to fouling of the 
In our case 
coke-ovens for such short periods that it was 
worthless. The power station was able to burn the gas 
but was in constant trouble: burners and gas valve 
built up with deposit several inches thick within a 


regenerators. Vas WAS acct ptable to the 


almost 


matter of weeks: air heaters and economizers blocked 
that it 
working at full output for any length of time 


SO quickly Was IMpos ible te keep hoilers 
Down 
time for cleaning was serious. Gas mains built up at 
bends and several times needed a complete shutdown 
for cleaning. The needed 


cleaning every six weeks 


precipitators themselves 


PRECIPITATORS 
Work was first concentrated on the prec ipitators, as it 
was felt that these might yield quickest results. Tests 
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were taken daily over many months, and a Kapno 
graph recorder was used, A series of tests taken in 
1956 Table I; the 


precipitator eficiency was about 93 


September shown in average 

Dust sample s were taken from each cleaning stage 
ind the analysis of these is Table Il. This 
shows how the alkalis increased until they reached 
around 30°, in the clean gas. Also they appeared to be 
easily deposited in 
thev had increased to 50°... The coke used had about 


yiven in 


the power station burners where 


O35 volatilized inside the 
turnaces, forming a fume so fine that both washers and 
failed to thus the 


increase through the cleaning plant 


alkali and seemed to be 


precipitators remove it causing 

Possibly one of the main causes of poor performance 
was the capacity of the installed high-voltage sets 
Chese sets rectified current to each half 
f the precipitator and the pe ak voltage Was measured 
as 66 kV. Tests were made using two rectifiers with 
one precipitator and full wave supply, but this did not 
give any marked improvement 
plant was considered but was estimated to cost at 
least £50000, without any certainty of 
problem 

The distribution of the precipitator 
tubes was thought to be a contributory factor. The 
tubes are 15 ft long and 12 in. dia. and the nominal gas 


give half-wave 


Jas through 


TABLE Ii Dust samples from gas cleaning plant 


Using higher voltage 


solving the 


TABLE | Dust burden of blast-furnace gas September 1956 





Date, September 1956 Precipitator outlet 





flow through each tube is 230 ft? min corresponding to 
a velocity of 5 ft/s. The pressure drop across the tube 
therefore, only about 0-003 in. wy. Calcula 
tion showed that there were quite high gas velocities 


bank Is, 


it the entry and exit connexion to the precipitator 
particularly when the outsides of the tubes were dirty, 
ind hence the attendant velocity head could easily 
affect drop 
across the actual tube bank. The problem was how to 
measure the gas through the 
disturbing the operation of the plant. The first attempt 
was to make 


distribution with such a small pressure 


flow tubes without 
a pitot tube surve\ above the tubes but 
Plant was therefore installed to 
blow air through one precipitator, and two axial flow 
fans givinga total of 60000 ft? min against 6in. wg were 
led into the gas inlets 

The tests showed a distribution 


this was inconclusive 


as in Fig.2. Some 
28 of the tubes were carrying more than 150 of 
average flow. and 10°. of the actually 
gas flow. Correction of this 
using baffles at both inlet and outlet 
was made by trial and error. Finally, when this proved 


tubes were 


earrving a mal 


distribution by 


revers¢ 


ineffective, a complete ring with four extra inlets was 
added to the gas inlet, as shown in Fig.3. The tinal gas 
distribution, the best which could be achieved in the 
limited time available, is shown in Fig.4 

The three precipitators were modified in this way 
and a further series of dust tests tind the 
improvement, with the results summarized in Table 


made te 


I11. The outlet from the precipitators was now mainly 


the and 
efficiency very near to 98°... 

Although the precipitators had been brought up to 
their specified efticiency, the outlet burden was still 
occasionally reaching 0-020 gr/ft® in sympathy with a 
washer outlet of 0-6—-0-7 or/ft®. No definite 


within range 0-O02-0-O1L or ft? average 


reason 





2 , ‘ ) 6 
Dust in 
} 


Deposit fron gas leaving Deposit fr ras lea 


De posit tron 
-condarv dust 


eatcher 


Dust i 
ny 
washers washers 


precipitator precipitator 


40 13-68 
61-30 14-40 
4-35 6-91 
6 
8 
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Mod ifi ed 


four neu 


pitat 
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ould be found for this. but it w 
to he associated ith combustr 


furnaces 


WASHERS 


\s the washers were still not ¢ ipa ble of cleaning con 


sistently to the figure of 0-25 


! r ft the washer eft 
ClENCY obviously had to he improved Twe methods 


were considered: first. usin . high-pressure drop 


TABLE Ii! Dust burden of gas after modification to precipi- 
tators 








Journal of The Iron and Steel Institute June 1960 





208 Lewitt Improved blast-furnace cleaning 


TABLE IV Pilot scrubber tests with four plate stages: gas 
extraction from washer inlet, pressure drop 
across four stages 12 in. wg 


Pilot scrubber tests with two plate stages: gas 
extraction from mid-point of washer, pressure drop 
across two stages 6 in. wg 


TABLE 








venturi scrubber, possibly with the existing washers as 


water separators; and second, modifving the internals 
of the washers 

It seemed, from published data, that the venturi 
scrubber would deal with the problem, but would 
reconstruction of the gas 


between the se ondary dust catchers and the washers 


involve a major mains 

The possibility of al.sring the washer internals was 
investigated, and it was decided to instal a Peabody 
pilot washer to try various combinations of slot plates 
and impingement plates, taking the gas from different 
stages of the washer. Tests were made for a period ol 
three months in early 1957 and a summary of these 
tests is given in Tables IV-VIL. Every effort was made 
to reproduc e the conditions in the washers so that the 
results from the pilot plant could be taken as a reliable 
yuide. No build-up of dust on the plates was found 
even after a lengthy run 

These tests « learly showed that the only method of 
achieving the required results was to use a high pres 
sure drop of 10-15 in. wg. The high pressure achieves 
intimate mixing of gas and water, and effective wetting 
glomeration of the dust. An interesting graph 
was drawn (Fig.5) showing how the outlet dust burden 
varied with pressure drop. Our blast-furnace manage 
ment felt that an extra top gas pressure of 12 in. wg 
would be acceptable; top gas pressure was then around 
$5 in. wg and this would be increased to 56-60 in. wg 

After these tests it was decided that an alteration. 
based on 


and ag 


a pressure drop across the two stages of 
12 in. wg. should be made to the two washers. The two 
top 3-ft tile banks would be removed and replaced by 
a slot plate stage and impingement stage. A section 
through the washer as it would appear after modifica 
tion is shown in Fig.6. 

A reline of one furnace was made early in 1958 and 
advantage was taken of this to carry out the modifica- 
tions to both washers. Except for supports and watet 
troughs, stainless steel was used throughout for both 
the slots adjustable 
Sand } in., to allow for an increased gas throughput in 
the future, but with the stage pressure drop held at 
about 


stages were made between 


12 in. we 
After conversion the first tests gave outlet loadings 
of 0-04-0-08 gr ft® which seemed very promising. This 
continued for three or four weeks until the relined 
into operation, when after a few days 
operation some rather alarming troubles developed 
The pressure drop across the impingement stage of 


furnace Came 


no.2 washer in« reased rapidly and soon the washer had 
to be Ope ned for inspection Almost all the bs in. holes 
were found blocked with a hard material (Fig.7) the 
analysis of which is given in Table VII. The plates 
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were scraped and replaced but after a few more days 
operation the same condition recurred, As no.l washer 
the whole 


Four compl te plates 


was similarly affected impingement stage 


was temporarily abandoned 
measuring 2 ft «5 ft 6 in. were removed from opposite 
sides of each washer, and to prevent excessive carry 
over of from the slots below, entrainment 
canopies were placed over the holes. With this con- 
dition the plant operated normally but it was naturally 
expected that some worsening of the gas cleanliness 
would be found. A further series of dust tests was made 
and this gave 0-1-0-15 gr ft? 

After two weeks pressure drops were again becoming 
serious and these were found across the slot plates of 
both washers. When examined, the slots were found to 
be 50-70°,, closed with a hard material similar to that 
removed from the impingement plates. The analysis is 
given in Table VII. 

This fouling of the slot plates after a relatively short 
because aecess to the slots was 
and all down 


wate! 


time was alarming 
difficult and cleaning a 
time on a washer involved banking a furnace. Attempts 
to remedy this situation were made in two directions 
a) to find a material perhaps a very smooth material 
on which the dust could not stick (different sizes of 
the 


sk Ww pre CESS, 


slots was another possibility) and (b) to make 


water sprays more effective and so prevent the dust 


from sticking 


Pilot scrubber tests with two plate stages: gas 
extraction from mid-point of washer 


TABLE Vi 





Slot plate Dust loadings, I;xisting 
pressul gr/std. ft* loadings 


irop, 
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thber outlet dust loading and slot plate pressure dre 


The possible materials included teak, rubber coat- 
ind plastic (Sakaphen) coating. Guidance on 
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, +f 
Blast-furnace 
casher after 


wlificatior 


»p 


materials was given by Rice,* where he refers to the 
use of rubber as a coating material: “Deposits of blast 
furnace gas dust with their familiar hydraulic setting 
tendency do not cling as tenaciously to rubber as they 
do to some other surfaces such as metal. But a very 
important reason for using rubber is the ease of com 
pletely wetting it with comparatively little volume of 
water 

Slot plates were made up using all the above 
materials, and also different sizes of slots and chim 
neys. Water sprays using flat V jets, each to give 
effective coverage of each slot, were tried simultane 
ously below a number of slots 

These trials were made in October LQD8 and an 
examination made after 27 days. Figures Sa-d show 
the results of the different materials, and of the slots 
with the extra water sprays. It was concluded from 
this that material has little control over the adhesion 
of the dust, and in fact the materials with the smooth- 
est surface, i.e. rubber and plastic coating, were worse 
than the bare metal. The water sprays seemed by fas 
the most promising, so a complete set of V sprays was 
prepared and installed in both washers. Figure 9 
shows how the pressure drop benefited from the spray 
modifications, until finally the water sprays were 
completely effective in preventing build-up, and the 
plant settled down to steady operation, as to the 
present day. 


CONCLUSIONS 


Gas leaving the washers now averages 0-O8—0- 15 gr/ft® 
and leaving the precipitators 0-0005-0-0015 with an 
average of 0-001 gr/ft®. The progress can be sum 
marized as 

Washer recipitato Ay 


outlet ( precipitator 


verage 
gr/ft rr/f efficiency 

Original working 0-2—-0°7 0-005-0-04 92° 

After precipitator 


alterations z r >) O14 


1942, 19, 66-89 
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Plastic (Sakapher oated slots ) ubber-coated slots Slots with extra wat: 


8 Underside view of elot plate 8 
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9 Pressure 


drop across slot plate of 


The improvement to the washers also improved the 
efficiency of the precipitators. The likely explanation 
of this is that the high-pressure drop slot stage in the 
washer effectively agglomerates the fume, although not 
actually removing all of it, and thereby presents a gas 
to the precipitators which they can deal with more 
easily. Consistent results at these levels have now been 
obtained over the last nine months and an occasional 
inspection of the slot plates shows that build-up is 
negligible and can be dealt with easily during normal 
down-time for cleaning of sprays ete. 

tesults in the power station boilers show a remark- 


able improvement. Burners and valves which pre- 


TABLE Vil Deposits on plates in gas washers 





Impingement 


plates, Slot } late s, 





Ferric oxid 
Alumina 

Zine oxide 
Lime 
Magnesium ox 
Sodium oxide 
Potassium oxid 
Sulphur 
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viously built up within a few weeks are now almost 
free from deposit; and the gas is consistently in use for 
underfiring the coke-ovens 

Further work is hand using experi- 
mental plates with a smaller number of -in. holes 
as it is felt that if the impingement plates can be 
restored to use, the final gas cleanliness can be still 
further improved. Another factor is that dust  re- 
moved in the washers means less deposit at the inlets 


currently in 


to the pres ipitators and hence less cleaning Impinge- 


ment plates using the -in. holes have been in opera- 
tion for 4-5 months without showing any deposit, and 
the next step will be to change all the plates to this 
size of hole, and restore the complete stage 
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NEWS 


THE IRON AND STEEL 
INSTITUTE 


Honours for Italian iron and steelmakers 


The following elections have been made in 
connexion with the Special Meeting in Italy 
Honorary member 


Professore F 


Associazione 


de Cari, President of the 
Italiana di Metallurgia, 
Member 


has been 
elected an Honorary 


Honorary Vice- Presidents 

Dott. Ing. G. |} President of the Soc 
Acciaierie e Ferriere Lombarde Falck, and 
Professore | MANUELLI, Managing Director 
of Finsider, Rome, have been elected Honorary 
Vice-Presidents 


ALCK, 


eta 


Other changes on Council 
Elected Hone Vice 
Mr N. H. Ro.iason 
ng Direct 


ir J. W 


Presidents 
Vice-President), Manag 
r of John Summers and Sons Ltd. 
I JENKIN (Member of Council), mem 
ber of the governing body of the Research and 
Development Division of Tube Investments 
T 

I 


rary 


NEWS OF MEMBERS 


te 
Mr R. F. Cobbett has joined Aminoil Inc 
Mr M. H. Farmer is now at the Corning 
Works, Corning, N.Y 
Mr Russell Franks has retired from the post 
manager of the marketing research division 
of the Carbide Metals Company. He 
ntinues to serve the company 


Union 
as a consult 
ant 

Mr R. N. H. Gardner is now Midlands Area 
Manager (Technical Sales) of McKechnie Bros. 
Ltd 

Mr E. J. Hancock has been appointed Sales 

rector of Savin Ltd 

Dr WN. P. Inglis has been elected to the coun- 

f The British Non-Ferrous Metals Research 

Association 

Dr B. R. Nijhawan has been elected president 
f The Institute of Indian Foundrymen and 

chairman of the Structural and Metals 

Council of The Indian Standards 

stitution 

Mr F. W. Percival been appointed 
yundry superintendent of the Ivor Works, 
Dowlais, of Guest Keen Iron and Steel Co. Ltd. 

Mr H.H. Utley has been appointed managing 
lirector of Davy and United Koll Foundry 
Ltd 

Mr §. G. Walker has been appointed head of 
oratory, Ford Motor 


Division 
I 


has 





Ise mbly group lal 


( d 

Mr D. J. Willetts bas joined Crittall-Luxfer 
L.ta 
Obituary 

William Johnstone 


23 December 1959. 


POWDER METALLURGY 
JOINT GROUP 
Next meeting of Group 


eeting of the 
unt Group of The [ron 


lected 1948) of Glasgow, 


Powder Me 
and Steel 


tallurgy 
Institute 


he next n 





and The Institute of Metals will be held at 
Church at Smith Street, London 
SW I and «Fr i l and 16 
Dece 

) ia will t i ted as posium ¢ 
Phe tical a t f pressing etal 
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papers contributed to which wall be 
printed, in advance of the meeting, in Powder 
Vetallurgy, the half-yearly periodical of the 
Group. On the second day there will be dis 
papers which have been offered 
and accepted for printing in Powder Metal 
lurgy 

The Committee of the Joint Group wish to 
emphasize that it is not their intention that 
Group meetings shall be restricted to the 
cussion of invited papers on partic ular themes; 
it is hoped that the meetings may, in fact, be 
devoted to the ntifie 
technological papers which have been sul 
mitted for publication without invitation. A 
leaflet detailing the preferred method of pre- 
paring mss. of papers for publication may be 
obtained from The Secretary, Powder Metal 
lurgy Joint Group, 17 Belgrave Square, 
London SW1. Membership of the Group 
international. 


powders, 


cussions on 


dis 


discussion of scie¢ and 


AFFILIATED LOCAL 
SOCIETIES 


Staffordshire Iron and Steel Institute 
Annual Competition 1960 

The Staffordshire 
the 


Iron and Steel Institute ha 
announced rules for this year’s annual 
competition 

(1) The competition is open to Associates and 
Members below the 

2 rhe paper to be of a practical nature, relat 
ed to the iron and steel trades and to be 
between 2500 and 3000 words in length, 
suitably illustrated typewritten 
(double spacing). 

3) The paper must be an ori 
prepared 
Iron and Steel Institute 

(4) The paper shall be on one of the following 


age of 28 years 


and 


ginal contribution 


specially for the Staffordshire 


subjects: (i) ironmaking, (i!) steel manu 
facture, (ii) foundry work, (iv) hot and 
cold working of steel, (v) fuels, (vi) refrac 
tories, (vil) engineering 

(5) Closing date for submission of papers shall 


be 31 
6) The announcement of the award will be 
made at the Annual! General Meeting 1961. 


December 1960 


7) The award shall be to the value of ten 
LuImMeas 
(8) The adjudicating panel shall consist of 


members of council who are specialized in 
the fields indicated under (4). 
9) The panel shall 
power to co-opt appropriate 
within or without the 
[Iron and Steel Institute. 
Forms for application can be obtained from 
Riley, Stewarts and Lloyds 
and Works, Bilste 


have the 
authorities 
Staffordshire 


adjudicating 
trom 
the secretary: G 


Ltd, Bilston Iron 
Stafis 


Steel 





BRITISH IRON AND STEEL 
RESEARCH ASSOCIATION 


Annual Report 1959 


[The BISRA Annual Re pub 
lished last month, reviews the Association’s 
many activities over the past 12 months. 
These include pilot-scale investigation of the 
place inside 


port for 1959, 


processe 
} 


s tak aye 





1 blast-furnace in 





vhich a@ stationary harg is subjected to tl 
conditions experienced by a normal charg 
i i the stack; automatic 
" rnac specially the linking 
ip er put cont iw root temperatures 
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Announcements and News of Science and Industry 


and the use of « 


xygen, both in OH steelmalk 


and in controlled pre-refining of iron. 
Considerable work has also been dor I 

automatic forgir and vacuum treatment of 

steel The Plant Engineering and kEnerg 


Division has devel yped a system for the aut 
matic proce g of works data, and the use of 


computers as a management tool is one of the 





projects being investigated by the Operational 
Research Department. An automation sectior 
formed in the Physics Department is working 
r the 
deseaming of billets 

The Report clearly 
the Association, andr 


of presentation and prod ictior 


on a scheme fo automatic inspection and 


details 


iaintains @a high sta lara 


SOCIETY OF CHEMICAL 
INDUSTRY 


Corrosion Group 


Phe next meeting of the Corrosion Group will 
be held at 14 Belgrave Square, London SW! 
Wednesday 15 June, from 10 am to 12.301 
and 2.15 pm to 5 pm, to disecu Oxidatio f 
ild steel 
The oxidation of m I arbon d 





oxide has in recent reac evelopment beer 


found to need special study, and the meeting 
has been arranged to provide an opportunity 
for discussion of this and analogous problems. 


A number of papers will be presented and, to 


encourage free expression of opimion, the 
cussion will not be recorded in detail 

The final titles of the papers are not vet 
known but the speakers and their subject 


matter are expected to be as follows 

The accelerating oxidation of mild steel in carbon 
dioxide by M. Davies and C. Moore; # 
mental investiqation of oxidation by cart 
dioxide by ( S. Campbell and J. Boult 


Effects of tramp elements in 


Melford; The breakaway action in oxidation by 
§. J. Gregg: Electron microscope observations of 
idation prepared by the Fulmer RKesearct 


Institute: Oxidation of steel in high-temperature 
alkaline waters by G. M. W. Mann: Oxidation 
of low-alloy steels in steam by G. Wood 

rhe meeting all and it is hoped 
that anyone interested in oxidation of steel will 


art in the discussion 


Is Open ti 


ome and take } 


INSTITUTION OF MINING 
AND METALLURGY 


Recent Awards 


The Council of the In 
Metallurgy 
awards 
Gold Medals of the Institution for 1959 have 
been awarded to Mr E. D. McDermort 
and to Mr J. KRUTTSCHNITT, PH.RB 
Vembership of the Institution has 
Hon. Lord Rogrins, 
REGINALD P. LIN- 


» D.SC,, F.R.1.C., F.R.S,, and on 


stitution of 


announced = the 


Mining and 


have following 


A.R.S.M., 
Honorary 
been conferred on The Rt 
K.B.E 
STEAD, KT., €.B.E 
G. A. WHITWORTH, O.B.E., A.C.S.M., M.I.M.M 
The Consolidated Gold Fields of South Afr 
Limited’ Gold Medal for 
NEWMAN, B.SC., B.A., A.M.1.M.M. 

‘The Consolidated Gold Fields of South Afr 1, 





D.S.0., E.D., Sil 


1958-9 to S ( 





Limited’ Premiun Forty Guineas for 1958-9 
to F. MENDELSOHN, PH.D., B.SC., A.M.I.M.M 

The ‘Arthur Claudet’ Student's Prize to H. N 
RHODEN, PH.D., A.R.S.M., STUDENT I.M 


The ‘William Frecheville’ Student’s Prize to 
M. J. WEsT, a.t  B.SC.. § ENT I 





THE INSTITUTE OF METALS 


Lecture by Professor Pauling 
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FORTHCOMING CONFERENCES 


Symposium on fatigue strength 





rengtl ela { lar pa 
ike place + 10 Septe 1960, Ir 
ier the auspice ft ( S 
f i il A 
i t 1 1 
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licat of low t t alue 
struments and aut t ! ( i 
t f iter t i 
appraisal of ator rg t t 
i a t I rat ! i t i t 
ateria i i5 vear pr nt 
Fee for the course, including a mt la 


£15 15s. and full details 


tion. iv be } 
tained fror t he irse . retary, NIFES, 


IST Kary Road, Reading 1 


Constructors John Br Ltd ha t 
t H ag? nent ith Th I titut 
hemical Engineers for tl award f tw 
echolarshinps r irl f +} S ¢ 
ra I are? I ner ii @F I 
and particular, t al pl tad 
I 6 larshiy t nabie at a fu 
nal stituti t Ur K 1 
pt t grants tr n the I rsit (;rar 
yriarriitt and i 4 epa 
I ical er neer ler th i + § 
protessor of chen al engineer 
Further particulars may | btan 
Dr J. B. Brennan, Ge ral Secretary, he 
Institution of Chemical Engineers, 16 Belgra 


Square, London SW] 
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Blast-furnace linings flown to 
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4 NEWS 


»>to £20000 per da 


chartered a aft 


Contract news 


The Richardsones W estgarth Croup have rece 
order from one of the 


ntly 
major ol 
turbo 


received 


companies for eight ex bustion gas 
overseas 


Engineering 
awarded substantial 


ssors, for installation 
Wellman Smith 
Ltd has been 
et for steelwork 

for Richard Thomas and Baldwins’ 
works Newport. Included in these 


tracts are the continuous pi kle line for 


yma pre 
Phe 


Corporatior 


owen 
f 
plant and equipment 
Spencer 
nea;©r eon 
62-1 
steel sheets, ingot stripping machines, and a 
number of heavy-duty cranes for the slabbing 
Deliveries of 
equipment are s¢ heduled 
In addition, the Wellman 
Corporation are collaborating with VOEST ot 
Linz, Austria, for the joint supply and erection 
at the ‘ 

plant, the main items comprising three 100-ton 
L-D vessels with oxygen lances and auxiliary 
equipment and two | 200-ton hot-metal mixe 
Phe LD plant will be 
ready for operation in S« 


mill and hot-sheet finishing bay 
the first units of this 


for December 1960 


Spencer works of D steelmakin 


delivered and erected 


ptember 1461 


Changes of Address 


Thos. W. Ward Ltd ha 
oftice at Duchy Road, 
company’s office at Corporation 


ypened anew branch 
Salford, Lanes. The 
Street, Man- 
chester has been closed and all business tran 
ferred to the Salford oftice 

The Alloys Division of Unior 
announce that their 
yperating from Cornhill 
George Street, Glasgow ( 


Carbide Ltd 


Glasgow office is now 
House, 144 West 


2 (Douglas 7753 


BRITISH IRON AND STEEL 
INDUSTRY TRANSLATION 
SERVICE 


The following translations are now available, 
in addition to those given on p.102 of the Ma 
1960 issue of the Journal : 

Processes of forming metal under pressure in 
the liquid and plastic state and their develop 
ment 
PLYATSKII 
pp.7-11 £5 Ls 

Contribution 

and dete 


1056, 6), 


1384 


rrer, A., Stahl u 
1087. 1090, (£2 10 
The production of and 
yp gas power plant ot an iron an 
by means of a 14 mW yas turbine 
Weve, A. et al., Stahl u. Eisen 
pp.L471-1478. (£6 5s. Od 


Pressure 


power 


1959, Oct. 15, 
1493 
compo 
o1nts). 
Witt., 
1512 


of steel in open-fia 


austenitic fterritic 


welded 
Site Junction pieces 


Linpen, H 


1958, Jun 


Mannesmann-type 
, and HenNNecKE, H., VG/ 


e, pp. 165-175. (£5 158. Od 


j 
, 


KICiZa 


MINGER, 


546-608 


en in steel 


METTES, JJ l., Men Rev. Meét., 
Dec., pp.641 ) 7 10s, Ud 1563 
The effect « 110 1 on the 


properties of austenitic 


high tempera- 
stainless steel. 

et al., Tetsu to Hagane, 

s2-1134 £4 Se. Od 


CE, S 1958, Sept., 
1568 
ntegrator 
bution 


er ployn of an electri 


study o ‘ niperature distr 
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CORRIGENDA 


In the paper Diffusion ar lubility of 
i tron and sil uloys by N.G 
Sevbolt JIS], 1960, 
March, 341—350) the caption to Fig.5 
should read ‘Autoradiographs ot 
given diffusion anneals at the following tem 
peratures (top) 950°C LOooo°C (bottom 
1100°C. Note that fast grain-boundary diffu 
sion is evident still at 1000 ¢ 
Inthe paper The location of Byrkeknott, a 15t/ 
century smelting site by R. F. Tylecote (JISI, 
1960, 194, April, 451-458) Fig.1 on p.452 should 


ave been credited ‘Crown copyright reserved 
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intended to proy ide an all-roun 
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Carves Ltd detail some 
Steelmaking ind electro 


Davy 


Simon 


booklet 


Ribback’ hammer forging machines are 
described in a leaflet from Usine de Weeker, 
S.A.R.L. Wecker, Luxembourg 

Head Wrightson and Co. Ltd describe hot 
metal mixer cars made by them under licence 
from the Treadwell Company of America, in a 
recent leaflet 

jir Power 
with the products and activities of the au 
power division of Joy-Sullivan Ltd 

Che golden jubilee of APV Ltd is marl ed t 
a special brochure 

Publication No.83 from W, ¢ 
range of Holmes 


Vews is anew broadsheet dealing 


Holmes Ltd 
describes the Standard bag 


filters 


f the hearth and foundation of a blast- 
furnace. 
YUSHKIN, V. \ 
£5 10s. Od. 


The problem of pinhole porosity in 


, Stal’, 1957, Sept., pp.779-787. 
1578 
steel 
castings. 
WLopawer, R., Giesserei, 
pp.1-7. (£5 5s, Od 
Papers from ‘Continuous Casting of 
Ist All-Union Conference, 17-19 
1955’. Moscow, Akad. Nauk, 1956. 
1614, 1616, 1618 
Peculiarities [and defects] of the formatior 
f billets produced by continuous casting 
ZIiGEL’, O. D., pp.164-177. (£5 15s, Od 1614 
An investigation of the mechanical proper- 
ties of steel during solidification and an anal 
vsis of the process of the formation of hot 
racks during continuous casting 
Postnovy, L. M., and Gui ' B., pp.212 
222. (£6 1616 


on the 
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Steel 


On ann r scienti ves ations 
COnLINUOUS ing pro 
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270 : é Od.) 
1618 


joints for high pres- 


SAMARIN, a » pp 


anded 

sure pr 
HAFERK GB Mitt., 1959, Oct., 
pp.365- 36 be. Od 1622 

The effe ots nereased iron sulphate con 
tent in sulphuric acid pickling solutions on the 
perties of pickled wires 

and Martin, M., Stahl 
10, pp. 1862-1867. (£4 58, Od 


{1634 


letermination 


technological pr 
KISENHUTH, ¢ 
Eisen, 1959, De 


Contribution to the 
state oft 


my lete 


vlinders 
LAURENT, P 
» pp.44-54 
Research into the flo 
tion gases in, and the h 
DV means of 
. Prague), 1960, 
1), pp £5 108. Od 1640 
sonding of steel with plastic adhesives 
HLER, K., V DIZ, 1959, Jan., pp.1-8. (£6 
1648 
steel. I. 


egregation i rimming 


Blowing oxyg gots 
SHao, Hsiang-hua and Panc, Yueh-chu 
Vet. Nir 1, 1958, (2), pp GR 109 eu 
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DIARY 


29 May rHE IRON 

11 June Special meeting in Ital 

30 May FIRST INTERNATIONAL PIP! 

2 June PIPELINES EXHIBITION 
Court, London, 

8-10 June socirery FoR 
ISTRY and GAS 


DISCUSSION GROUP srds sympo 


AND STEL 


. AN 

Karl 5 

ANALYTICAL CHEM 

CHROMATOGRAPHY 
sium on gas chromatography 
Assembly Rooms, Edinburgh 

9 13 June TUBE STEEL AssocIATION —Confer 
ence North Berwick 

12-18 June INTERNATIONAL INSTITUT! 
WELDING— Annual Assembly 
Liege, Belgium 

14-18 June association oF 


AL AND MECHANICAL ENGINEERS 


MINING, EI rRI 


Conference 
SOCIETY OF CHEMICAL INDUSTRY 
Corrosion Group—- Meeting on oxi 
lation of mild steel— 14 Belgrave 
Square, London SW1, 10 am. 

20 23 June INSTITUTE OF MECHANICAL ENGIN- 
EERS-—Conference— Belfast. 

21-25 June INSTITUTE OF BRITISH FOUNDRY 
MEN Annual ¢ Mal. 
vern. 

22-24 June BRITISH IRON AND STEEI 
ASSOCIATION 14th Junior 
making Conference Scarborough 

25 June INTERNATIONAL MACHINI 

8 July EXHIBITION — Olympia, Londor 

28-30 June INSTITUTE OF MINING ENGINEERS 

Conference — Cardiff 

ELECTRONIC COMPUTIN¢ 


Blackpool 


15 June 


onference 


RESEARCH 
Steel 


TOO! 


4-7 July 
Harrogate 
BRITISH [RON 
ASSOCIATION 


ENCE 
AND STEEL RESEARCH 
on heat 
treatment practice Harrogate 


5-6 July 


Conference 


of low temperati n 
ven plain carbon stee ip to 0-12°%C 
under bi-axial stressing 
KriscH, A., Arch. E 
pp. 19-24. (£3 15s, 0d 
The most 
stainless steels 
BERG, 8S., Chemische Rundschau, 1959, April 1, 
Beilage 2, pp.185—189. (£4 10s. Od. 1662 
Forces operating in cold roll forming. 
Davype V. LL. and Pczyrevskn, 
Stal’ R ng and Tube Prod 
pp.95-103. (£4 
Investigations on the effect of the ri 
properties of hot-rolled 
of the 


the strengt! 


1960, Jan., 


1658 


common types of corrosion in 


senhiit., 


eonditions on the 
carbon steel strip. 1. Structur 
behaviour in pickling 

Dani, W., and Lugc, W 
March 20 pp.368-377. (£6 10s Od 
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Cire. @Inf ] 


scale 


Stahl Eisen, 1958, 
, and CDS 
» pp. 1601-1622 
1681 
metal 
f lump 


1YDSS8, (8 
migration through the outer 
er during the dissociatio 
carbonates 
Batazsovics, G., Rad Rund., 1959, Des 
pp.714-72 £3 Los. Od 

Phe rotor steel works 
KouLer, W., Alepzig 
pp.341-343. (£2 15s. Od 

Graphical method 
and power requireme 


MAKELT, H., Industri¢ 
pp-28-31. (2. 
Contribution 

yur of hydrogen in steel 

and Viprans, G., Mem. S 
1960, Feb., pp.88-90. (£2 1719 


chromium 


beha 
HoFrMANN, W 
Re VWeét., 
Determination of 
(6 in steel 
Porova, N. M., and Sorokrna, K. 


1953, (9 


cub carbide 

P., Zavods. 

pp. 1033 (£1 10s. Od 
1721 

The tilem-Cemburean or testing 

strength of cement 

, Zement-Kall 


4 0. (£3 10s. Od.) 


, 


i960, Feb . 
1722 


TRON, | 


The testing of cement by 
rean method. 
m, F., and Matruiev, H 


ps., 1960, Feb., pp.70-78 
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£4 108. Od.) 1723 








ABSTRACTS OF 


CURRENT LITERATURE 


AND BOOK NOTICES 


CONTENTS 


Note: The letters a, 6, and ¢ refer to the three « 


MINERAL RESOURCES 25a 


ORES — MINING 
FUE! PROPERTIES AND 
Uses 2iba 
Arm Pout 
TEMPERATURE 
CONTRO! 


AND TREATMENT’ 215a 


PREPARATION, 


rION AN 


MEASURE 


D SMOKE 216/ 
MENT 

21th 

REFRA‘ MATERIALS 

IRON 

BLAS! 

DUCTION OF 


PORY 2166 


AND STEEL, 2176 
FURNACE 


Pic 


TREATMENT, 


GENERAI 
PRACTICI 
TRON 


AND Pre 
2176 
PROPERTIES, 
SLAGS 
Drrect 


* Abstracts, 


AND USF OF 
21a 
PROCESSES 219a 


the references 


ABSTRACTS 
These 
abstract being classified under 
notes can be 


arked W 


idex 
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vailable on u 
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abstracts are also a 


obta'ned fro: 


MINERAL RESOURCES 

Estimating ore reserves follows logical steps 
J. A. Patterson (Eng. Min. J., 1959, 160, Sept., 
111-115) Collecting and data, and 
systems of calculation are reviewed. 

The Frodingham ironstone bed, #1 (4 ppleby 
Frodingham News, 1959, 12, (2), 4-11) Open 
cast working and methods at the Santon and 
Dragonby nind n briefly 
sury 

The iron ore deposit at Tindouf (Sahara) 
Michel and Clariond inn. M 1960, 
Jan., 1-17) With maps, plans, and illustrations 
and estimates of reserves 

Unfavourable prospects for Mindale Hill 
(Min. J., 1959, 253, Oct. 30, 414) A note from 
the Geological Nyasaland, Report 
FH/33, that quality of the deposit may not be 
high enough to justify export, and may be too 
small for commercial working 

iron King magnetite deposit A. kk. Crawford 

Min. Rev. South Australia, 1957, (106), 69 


An account of a small deposit with sketch map 


assessing 


undergre« ines are 


eved 


nes, 


Survey of 


63 


ar d #s88a\ 

The iron ore industry of Minnesota and the 
problem of depleted reserves ©. LL. Horn, jun. 
Degree Thesis neversity, 1950, 
April 24, pp 195) The geolog 
the ce velopment of the 


posits are 


’ ’rinceton 
and history of 
esota iron de 
described, an 
in relation to 
ana 


production, 
i future 
are dis- 
that the high 
lepleted, 


source 


s of ore 
requirements, 
As it 


deposits 


reserve 


estimatec 


economic aspects 


ussed has been 


shown 


grace are becoming the 


prospects of developing new 
116 rets) 
Metamorphosed iron formation in South- 
western Labrador |). M. Knowles and R. G 
Gastil (Can. Min. Met. Bull., 1959, §2, Aug., 


503-510) The of the deposit is des- 


are con- 


sidered 


geology 


cribed 


ORES MINING AND TREATMENT 
A half century of progress in metal mining—1 
G. K. Allen (Min. 1959, 101, Oct., 153 
164) Krie wh oe magic miu 
ing, _ methods and underg 
ing are included, and equipment is reviewed, 
Marquesado Spates See iron mine J. B 
Hutt! (Eng. M , 195%, 160, Dec., 96-99 
Phe developn lavout, capacity, and opera 
leseribed of the Minas del Marquesado, 
ed by Compania Anda Minas S.A. 11 
Granada Province 
An electro-pneu matic constant-weight feeder 
for ore-biending E. 1. Lowe and M. J. Harris 
(Trans. Soc. Instr. T 1959, 11, Sept., 
162) The weight on a 4 ft length 
and tt rat of teed 


f 
Vag., 
f sections on e 
open 


round min 


ent, 
tion are 


uZza ae 


chn., 
ot con 
measured 
| rding 


ace 


olumns on the pa 


eards in ad 
Decimal sy 


oncerned 


PRODUCTION OF 
FOUNDRY PRACTICE 
VacuUM METALLURGY 
REHEATING 
Pits 
HeEAT-TREATMENT AN 
MENT FURNACES 
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PRESSING 
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ith an asterisk, are or are to be 


ance Of publication in the J 
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mn and Steel Institute 


s and subscriptior 


Organic carbon and sulphur in the Kerch 
iron ores V. F. Malakhovskii (Doklady A.N. 
1959, 128, (6), 1262-1265) A study of the 
distribution of organic carbon and 
the Kerch ore related to the depth 
ments is reported, 

Effects of structure and unsaturation of 
collector on soap flotation of iron ores S. KR. B 
Cooke, I. Llwasaki, and H. 8. Choi (Min. Eng., 
195%, 11, Sept., 920-927) All soaps used had a 
sharply defined correlation between pH and 
selectivity index. In general the highly 
unsaturated soaps (from fish oils unsuit 
able for floating iron oxides but were powerful 
and ollectors for chert and 
activated quartz at pH > 11 

industrial metal detectors with special reter- 
ence to the sorting of ores and coal (;. (‘harles 

ASEA Research, 1958, (1), 131-146) A revie 
f the available juipment is followed by 

ASDET, 
ASEKA re 
ASDET i lin ple an 


tion, iIses Oly 1 if 


sulphur ir 
of the sed 


more 
were 


selective Ca- 


lescription of an instrument 
leveloped by search laboratories 
he 1 


requires no adjustment or balanci 
able for detecting 
and, among other appilicatior 
f ore and recovery ot metals from 2 
Stockpiling taconite in the U.S.: 
rs by beit “err —_ Iron 1 
ules Rev., 1960, 180, 1, 31-33) The 
largest belt conveyor stacker in the United 
States, desi the Link-Belt 
Com} installed for stock 
onite pellets at the vorld’s larg 
nthe Mesat 
@ + ' 


metals in 


s, for the 
slag 


tran } 
Pellet 


gned and erected by 
anv, has recently been 
piling tac 
tac pelletiz 
It stockpiles 


winter 


Ing plant © 


when 
navigation 

Dryer for iron ore |: 

1959, 38, Dec 

snown 

New technique in bulk conrying Hi all, 
& ¢ Ltd (Brit. Eng 1” 
Nov., 125) An account 
H500 tf arryin ar 

_ trea ore at Hartlepool . Git ( 

1q., 1959, 101, Oct., 183 19a Unloading fa 
ities at the docks are briefly described. The 
if the skid sh | ticularly 1 

_ Regarding the sulphidization 

G. Moleva and P K 
Ural. Inst. Met., 1959, (3), } 
ite of oxidized 
Ontains apprer 
tacilitate the extraction 
reduce its percentage in slags, 

down. With the theor 

f sulphur in the 


of “magnetite 


SNS / 


ISAKIN iN 
5-19) The: 
‘ and agy 

iable amounts of 
im the 


shou be broker 
gaseous phas 


s practically totally 
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NDUSTRIAI 
HISTORICAI 


ph ed between 1150-1200 
{ nder conditions of actua 
iw ores the primary magre 

in appreciable t only in the 
and the secondary 
0 600 main 


exter 
magnetite at a 
n from the tuvere level 
Operational results obtained over long 
periods at the Louvrell works with graded 
crushed ore J. (iuerbois and J. Daville (Centre 
Doc. Sidér. ¢ 16, (3), 605-637) Li 
erm trials « d ore, which fines and 
were eliminated from the 
<d blast furnace 
erformance; coke con n o was corm 
with that obtained 
crushed ore and sinter 
Redistribution of moisture during the sinter- 
ing of iron ore A. A. Sigo Izvest. VUZ 
Vet., 1958, Aug Experiment 
vere made in which the ite w process wa 
nterrupted and the chs structure 
ition ! After 14-24 
ittom lav miter ip to ¥ 
it this did me 
leed tended to fall 


1959, yng 
ym grade 
eces 


over 70 mm 


urden, gave a great! 


parable vith mixtures of 


Chern 


and zone 
min. 
i water b crease further 
ratures were 
and heat evolution 
nsation we letected and when tt 


ynde 


easured at Arious le is 
ym conde 
s to the cde 

rhis 

bed, but 


lisappears 


nsatior 
ore final 
as the emp ire Fone 
passes downwards 

Research in the company organization ti. K 
Worner (BHI * Rev., 1959, 3 Oct., 10 ; 
r vw of the fields in w 

iz Di dressing 


rv briefly, other t 


Will it be sinter or ipellets? Pellets may revo- 
lutionize blast furnace charging (i. J. MeManu 
ige, 1959, 184, Dee. 24, 2 ! t 
the relat ! 
blast-f 


t} 
! rates ur i iated 
‘Kinetic ane in roasting and reduction 

I i Re t 


1959, 19, | ‘ 15, 126 


“The reducibility of iron ores Ii 
} , 


chmaehi, and & 


Journal of The Iron and Steel Institute June 1960 
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ductior hig be en 900 and 
1000 ¢ r ord gy te ‘ re Pressure 
, the CQO cor 


ption i eased many times. Some model 


2 kgit * had ¢ t mental eff 
sury 
tests 45 an analogy t the 


place in the blast-furnace were als 
36 refs). r.G 


Fundamental researches of making self- 
fluxing sinter and the x with its 100 


sinter buréen K. Kasai, T. Sanemat 
W atanabe 


processes 


taking 
» carried out 


u, and S 
1959, 1, July, 
mstitution of 

aQ, Fe »0,, 2 CaO, 

ete. Its re« duc ibility 

ure | portion of calcium 

valite. The addition of lime- 

iterial slightly decreases the 

sinter and desulphurization rate in 

but not the vield. Coke 

reduced below 550 kg 


sintering, rates should 


per tonne of iron and 
Miuctivity increased beyond 1-3 
onnes/day per m® of furnace vol xK.&.3 
Waste products trom zinc manufacture used 
to increase the basicity of iron ore sinter A 
~ agg und M Kowalewski (Prace Inst 
Hutn., 1959, 11, (5), 251-260) The use of these 
ucts as an addition to the sinter was 
wtactory for the 


furnace pre 


following reasons 


cal ec sition of the waste i 
rrmation of sinter 
f thi 
ntent in the 
mats turn xdluces lower 


tant basicit addition « 


a rapid rise of zine e« 
output 

In addition the 
rden causes scaffold 
blast furnace and gas ele 


Oonte 


in the aning plant 


of the furnace shell. The process 
sibly be employed if the zine could be 
d effectively from the waste or if the 
waste pr dded before sintering 
Sintering investigations with pre- agglomer- 
ated burdens I. W. Kinsey and C. A. O’Malle 
Trans. Met. S 17/ME, 1959, 215, Dec. 
1008 LOLS) The hors re port on a study oft 
if a pre-agglomerated 
nereasing the production 
d that in a pre-agglomer 


total moisture is the 


and cracking 


oduct were 


sintering rate Sinter 
on of the carbon con 
tion 


the concen 


Sinter produc 


Production rate was 
ng ecter ; hentonite uy 
to 1%, it also depends on pellet size (19 refs 
The problem of dust removal in sinter plant 
projects |! “~ idla (Hutnik, 1960, 27, (1), 15-22 
The author considers the problen 
Papetice seem adem sr Bac I a 
attempts 
the 


| { 
aff additions of up 


in relation 
eration and the 
made to overcome it. He arrives at 
llowing conclusion 1) The 
be proces 


materials to 
should be of suitable grain size and 
permussible quality of 
hould be hermetically 
hould be reintroduced 
nto e rocess and not released to the 
atmosphere and hot materials 
hould be tran 
vibratin onve 
_ Kinetics of iron oxide reduction WW. \ 
ecKewan (Tra Vet. Noe LIME, 1960, 218, 
Feb. 6) aan een reduced in H, at 0-07 
97 atm 1050°C. The rate of reduction 
area is const. with 


GXur hh 


sported pre 


umatically or with 


at 400 
time 
partial pressure of H 
on of 400 S50 € ie 


and at 600-1050 ¢ a } 


ind propor 
Enthalpy of 
144900 « 
}00 cal/mol 

Graphical technique for multistaged fluidized 
bed operations as applied to iron-ore reduction 

P. Meissner and F, ¢ Schora (Trans. Met 
S 17ME, 1960, 218, Feb., 12-21) A moditi 
ation of the McCabe Thiele method for dis 


lation tleulations is used 


FUEL PREPARATION, 
PROPERTIES AND USES 


Electrical equipment ry coal preparation 


oy W. H. Foster ar F. Egerton (Mir 
t Vech ky 


« LOSY9, 40, | et., 84-44, d 
ssion 94-95) The Westoe and 
lants are described with spe 
the electrical equi ment ; 

The cleaning of fine - by dense-medium 
cycione T. Imaizumi, mizu, and 
Yamabe (Ans Re; ) } ; 

9, 18, Sept., 43-48) A repo 


al per mol 


Kasingtor 
cial reterence to 


tes Inst. Toky 
rt on the we 


Journal of The Iron and Steel Institute 


the test-plant at Toyosato colliery, Japan. 

Chemical structure and properties of coal. 
XXV. The carbonization of coal models 
P. M. J. Wolfs, D. W. van Krevelen, and 
H. I. Waterman (Fuel, 1960, 39, Jan., 25-38) 
Model substances, prepared to imitate the 
structure of coal, were synthesized by con- 
densation of formaldehyde with substituted 
and unsubstituted hydrocarbons. The progress 
vy radiochet 
methods. The m« 
and secondary carbonization 
are discussed and explained r 

Mechanisms of coal pyrolysis. 1. On the 
nature and kinetics of devolatilization N 

erkowitz (Fuel, 1960, 39, Jan., 47-—-58) Anal 
ysis of the kineties of weight-loss curves 
measured at a series of constant temp. leads to 
the sugyestion that thev are governed by 
oo process and that the decomposition 
eactions at any one must be relatively 
Tast T.¢ 

New coal and coke loading installation for 
Emden J. Grindrod (Min. Mag., 1959, 101, 
Sept., 101-104 

A note on Polish carbonization practice: the 
importance of coal stamping A. Szpilewicz 
Inst. Fuel, 1959, 32, Dee., 568-570) 

New coking plant uses contralized er 
systems (/’r Control Autom., 19 
Sept., 376-382) A Scanlan al the 
plant 

Simulated coke oven operations in new 
research laboratory aid industrial coal quality 
control (/nd. Heat, 1960, 27, Jan., 106-108) At 
Consolidated Coal Co research equipment 
includes a 30-lb movat bis 
determine coking pressures; and a spec al 
oven to measure ¢ ne and contraction of 


of carbonization was followed b nical 
and thermogravimetri 


sms of primary 


chan 


> temp 


’ 


meen 


wall coke oven to 


the charg K.} 

The swelling and contraction of briquettes 
Goring ——— \. D. Dainton and W. G. 
Kave (J. Inst. Fuel, 1959, 32, Dec., 571-578). 

Twenty-sixth prow furnace conference 1. I’. 
Colelough, P. Graham, and — S. D. Carson 
BISRA_ publicati 1958, pp,72). A general 
review of the influence of input on biast furnace 
performance J. P. Colcloug 7). Thermal 
data are given. Recent > mea in coking 
technology J. P. Graham (7-11). Full seale 
experiments in the production of better coke 
S. D. Carson (11-14 

The quality of metallurgical coke in the 
United States (1958) |) (Centre Doe 

Cire., 1959, 16, 9), 1967-1975 rhe 


ution, composition, and 


Sanna 


distrit mechanical 
properties of USA coke are reviewed 

Desirable properties of cupola coke |.. \W. 
Bolton (Fo Trade J., 1959, 107, Sept. 24, 
211-213) of an IBF sub-committee 
report 

Automatic apparatus for the detection and 
recording of oxides of ee in coke oven gas 
J. Pierrain (Chim. Anal., 1959, 41, Dec., 477 
$85), 

Sub-committee for furnace firing by coke 
oven gas. Meeting held 15 Oct., 1957 G. Decamps 
Centre Doc. Side Circ., 1959, 16, (3), 685 
689) Problem with the need to 
make use of increasing amounts of coke oven 

France for furnace firing are discussed. 

Thoctary of gage flox L.. Reeve (Appleby 

Frodingham News, 1959, 12, (3), 4-15) An 


account of the fluidized oxide 


und 


Summary 


connected 


ras in 


process for coke 
n gas desulphurization and its development 


AIR POLLUTION AND SMOKE 


Reducing atmospheric pollution J F. 
Pottinger (Austral. Eng., 1959, §2, Oct., 71-77 
1 ber usual varieties of plant for all sorts of dust 
id smoke are reviewed 
New detectors gang * on air pollution C. C. 
Van Sove (Chem. Engq., 1959, 66, Nov. 30, 48) 
\ new dust ample and a 
onitor ar 
Methods of dust and fume disposal \V. A 
Darrah (Jnd. Heat., 1960, 27, Jan., 70-82) A 


review, dealing with spray, 


hydrocarbon 


°° announces 


absorption, elec 
trical checker, catalytic and electrostatic pre 


ipitation methods, with some comparisons 


for various applications K.2.2 

Purification of steelworks fumes: basic 
Bessemer plant and procedures for the refining 
or pees of pig iron by means of pure 
oxygen |.. Septier and P. Leroy (Centre Doc. 


June 1960 


Sidér Ceore., 1959, 16, 

characteris shine silk tie brown fumes evolved, in 
particular with the use of pure ©,, are des 
f cleaning 
+ and 


r filters (22 refs 


eribed, and a critical review is given « 
methods; cyclones, single and multistage 
electrostatic filters, and bag 

The fight against dust and silicosis in mines 
and smelting works of the German Democratic 
Republic: organization H. Jung (Technik, 
1960, 15, Feb., 83-87) The bye-laws for the 
on of the 
and their tasks and care of 
patients suffering from silicosis are de 
total of about 11800 silicosis 


Ge srman Democratic Republic, the 


prevention of silicosis, the organizat 
research stations 
scribed, 
here were &@ 
eases in the 
highest number was in coal mining followed by 
the porcelain industry I 

Biast- furnace- -gas cleaning for iron and ferro- 
manganese production J. 8. Mackay and J. | 
Kearns (Trans. ASME .J. Eng. Power, 1960, 
82, Jan., 68-72) A process for removing the 
superfine smoke from Fe-Mn_ blast-furnace 
vases is described. The ethod does not require 
a great capital outlay and rating costs 
are low. The method, its chemistry and physi 
al equipment is detailed and illustrated T.G. 

An automatic dust sampler I). . Groutsch 

fustral. Inst. Min. Met., 1959, Sept., 165-189) 
\ venturi for use in a flue is described and the 
theory indicated. 

A routine sampler for detecting variations in 
the emission of dust and grit 15. Lees and M.C 
Morlev (J. Inat. Fuel, 1960, 33, b., 90-95 
The device was develope 
plant 


its ope 


{ 


d primarily for boiler 


TEMPERATURE MEASUREMENT 
AND CONTROL 


Pyrometry: science ot high temperature 
measurement F. P. A. Robinson (Eng. Found 
1959, 25, Oct., 39-41) A 
types 

Care and emery meg of pyrometric equip- 
ment I). Bea, Found., 1959, 25, Oct., 
41~43, discussion 43-44) Notes on common 
faults 

The measurement of flame temperatures | 
Roéssler (Z Vetalthiit, 13, Feb., 
74-78) Theoretical. The author discusses the 
principles of optical ter 
ment, the radiation laws, the 
black bodies, thermal radiation, 
tion of metals (17 refs r.G 

A simple, optical pyrometric method for the 
direct measurement of the true temperature of 
glowing metals ©. Vingwaldt (Z. Metallh 
1960, 51, Feb., 116-119) The light emitted 


from ‘rtain 


general review of all 


Erzhera You, 
perature me ire 
emission ¢ 


yt nor 
and the radia 


glowing solids is polarized to a 
with the direction of 
By superimposition, by reflection, of nor 
polarized light of the same colour a light bean 
from the glowing body car obtained that 1s 
and therefore according 
to Kirchoff’s law corresponds to the light 
emitted from a black body \n apparatus 
ising this effect is deseribed r.G 

Platinum platinum rhodium thermocouples 
for temperature measurements in the foundry 
E. R. Perry (Fond. Belge, 1959, 29, Sept., 201 
205) The principle of the thermocouple 
eribed, and its construction, range, and pre- 
cautions to he nits use reviewed 

Two thermocouples suitable for measurement 
of ———— up to agar Cb. A. Davies 
Sci. Instr., 1960, 38, Jan., 15-17) W/26% Re Ww 
and Ta/26°,,Re-W are sna 

Zirconia-tipped thermocouple for measuring 
the temperature of liquid “m P. A. Sorokin 

1959, (11), 517-522 The first 

results of testing the Menten ruple 
ZrO, under laboratory conditi 
that they can be 
tinuous temp nts of liquid steel 
both in the furnace and in the ladle. More 


experiments are necessary, before a final con 


xtent varying 


no longer polarized 


s des- 


observed 1 


(Oqner upory, 
tips of 
ms have shown 
used for long duration con 


measureme 


clusion can be reached 


REFRACTORY MATERIALS 


Refractories and minerals J. b. Hy 
Vetallurq. Club, 
expansion of ¢ 
analysis of their hot face, centre, and cold end 
The ionic potential of cations 
and four types of reactio 
mixtures are d ussed 


1958-54, . on 


hrome magnes bricks and the 


are examined 


retractory slag 








Refractories neep - with metals. | L.. | 
Gill (Can dad. Me 9, 22. Nov., 42-43, 69 
Are 

Preparation of pure oxide setenenarees by slip 
casting G. H. Chalder (RDB / 221, 
1952, Feb., } rol , 1959, 
13, 4 
met S vl ‘ 

Manutacture ot forsterite bricks — as- 
bestos = P. & ‘ ! 


Asbest 


of OH furr “ 

‘Metallurgical magnesite powder with in- 
creased calcium oxide — used in O.H. 
furnaces \. A sro avi 

; Zi 


to 12-14 
Fused silica refractories used for fixtures in 
—— and heat —s —— Nort} 
t ! eat., 1960, 27, 


at lat 


New polycrystalline translucent ceramic for 
high temperature strength seme oer — 
to desires shape Genera Ir 
Heat., 1960, 27, Ja 


nite 


The menstastere of zircon ‘and aeing 
zircon retractory products . J 
H ty 195%, , 6), 2 


erosio ‘ the 
With the corr 
ticularly 
high tem 


suitable 
p., for ce 
for steels whi 
rifice, for continuous and for top castit 

Magnesite crucibles tor use in high frequency 
induction furnace M. RK. K. Kao, P. C. Sen, an 
H. V. B. Rao (NML Techn. J., 1959, 1, Aug 
28-32 

Service life of refractory linings for the 500 
ton open hearth furnaces \. © 
Sh. M. Berman, and f A. Plosh« 
(Ogneupory, 1960, (1 24-30) The ser 
the roofs of the 500 t OH f 
increased by 


spiel 


Antosvak, 


irnaces 


Ladle bricks for electric steel manufacture. 
V. Some aspects on the characteristics of dinas 
bricks mixed with silicon carbide U. Ozawa and 
T. Yamada (Rep. G¢ Ind. Res. Inst. Nagoya 
1959, 8, Noy., SI 817 


Studies vere made t 


t th Sif vith 
"Research on the qualitative analysis of 
3CaO SiO, and 3Ga0 si0 in Gatonsite retrac- 
tories G. Yamaguchi, a, and Y. N 
inn. Rep. Eng. RB as | 1959, 18, 
es 148-150 Stabilized lol te refra 
vere analyzed X thod 
Research on super- duty insulating fredrick 
ty — — materials 5. Naye 
ama » 2 Ote menu! 1 M 
i Ane | i Res, Inst 
1959, “18, Sept 
ixit lor decrea 
Stress- strain- temperature-time retationsmips 
for retractory materials ki. 1). Chipman (\ 
Si 3205, LW5s, Dd 
lbs., 1959, 13, M 
tise sem anid 
Thermal expansion of silica retractories with 
relation to their mineralogical composition 
Star “ P. ly } ; 1959, 11, 


The causes for the disintegration of hot-blast 
stove and checker bricks made - ve . 
K MA I n, 1960, 80, re ; 


s() 


Complex eae analysis of — ey 
clays S. Basinska-Par ‘ Ins 
Hutn., 1959, 11, 


therm analys 


eans a drop in pla 

Rapid insulation of large diameter ha at 
Inland Steel Co. Ind H ; 
2344-2346) Mineral o 
supplied to 


1959, 


IRON AND STEEL, GENERAL 


Developments in metalworking and metal- 
lurgy during 1959 A. K. Putnam (/nd. Heat 
1960, 27, Jan., 48.54 \ re we ¢ il 
i i metals 


, rare earths 


powders, vacuul 
eels, and al 
— Se 
te schnique J. 
iron and steel production in the German 
Democratic Republic (/; el Rev., 1959, 3, 
Dec., 31-34) A brief review of the rebuilding of 


thesteelindustry 


nt 


ntheeasterr 


partot Crer any 


Journal of The 
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ast 
Profile of the Ameriean steot giant 
1960, 14, I ( 10) TI 


raphieal distribut f oh. — 


Towards é a further rise in the iron ane = 
a P. I. Kor Hie) 
lr th? ‘ 


Tn 


‘The Rourkela tron and Stee! Works in India 


He Al m0 kel sy 


OH and 


West plans integrated steel industry (/ 
t 195 . 4-25) A 


¢ 


Swedish steel maetts are improving equipment 
/ - } 4 j 


“Steel | grows 3 as Grass grows I 
+ 10, 

\ 
Chile is in the steel business | / 
Port Kembla’ S agr of development | /: 
China’s ‘plan for steel 


, et is 4 ( 


BLAST-FURNACE PRACTICE AND 
PRODUCTION OF PIG IRON 


ay at oh Gest blast furnace in operation 


por 


Amcor’s new biast furnace I 

159, 25, Oct., 49 50) D 

No.4 blast furnace: how a blast furnace works 
BHP] » 1959, 36, \ 18 22 At a6 

fth Port K 

Port Kembia’ $ new ore storage area 
he , 1959, De 

Lining | the hearths of blast furnaces }}. K 
Ke , Ou 


e fd 


BHI 


/ 


{ 


1 ’ ‘ 
Research Programme on the blast furnace 
i} 56, I) . b64 
i nt f tt [RSID pr 


new techniques in the development of Bast 
furnace production Ss. K 


+} 


Blast furnace is updated 
gages I put Steel Cor 
Oct 20, 124) A 


First gas turbine blower for blast furnaces 
passes final acceptance test (/nd. Heat 


Jan., 88) The West i 


1960, 


heaper in pr nad rat 


iron and Steel Institute 


June 1960 
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ises practically no water. Bl 
t and the axial compressor wil 
ipply 125000 ft* min f air at South Works 
of US Steel Cory 
Modernization of obsolete furnaces in Poland 
by the adoption of the new selective. T. An. 
Tesch. System Charging Device WW. Zolkowsi 
Hutnik, 1959, 26, (11), 436-441) The author 
ed McKee’s ¢ 
I oland. Atté 
syvatem which 
The Tesch 


r a seal between 


syste 


ving cone t 


It enables 
vhich feeds in the 
harge to be chang 
Uitra- a pressure = furnace ©. Kh. Rice 
Trades Rev., 1960, 180, Jan. 1, 2 
" el ment tf an iltra-high-press 


Dla ri 
USA. In 
feseribed ¢ 
ai Issel 
Axial compressors D. 
Hear ’ 


re 
t 


New ore bridge runways and stockyard at 
Newcastle blast furnace plant |.. W. Motu 
BHP Tech. Bull., 1959, 3, Sept., 8 11) A 
‘ ri | riyt n. 

Sasmination of the energy problems set in 
some British works by the Covelapenens of 
oharge mag or DD. Sanna (¢ 

( O50, 16, , L977 


1990 rhe 
anid the 
ialit tnd the therm 


t 
lI with reference to a 


irge preparati 


sit to four wor n Cireat Brita 
The effect of improved coke quality on biast 
furnace performance. Twenty-sixth blast furn- 
ace conference W. Hunter (BISRA publication, 
1958, 14-24 Data for Workingtor No 
are vith general discuss 
Experience with seit- fluxing sinter at the Steel 
Company of Canada !. 8S. MeMahan and J 
Thomas (25-29). The effect of sinter on furnace 
a at West Hartlepool It. WV. Johnson 
The injection of 
nee Aig into the blast furnace lb}. W. Voi 
40-43) Water, O,, C, CO,, H., air, lime, and 
ron ore are considered. Eftects of humidified 
blast A. Grieve 44-47, discussion 47-51) 
Some experiments in burden composition at 
Shotton J.J. Evans (51 54). Blast furnace prac- 
tice at Ravenscraig WW. Banks (54-59). The 
effect of burden composition on slag control and 
metal quality J. W. Houghte 9-67, dis 
ission 67 
Elementary consideration in the mechanism 
of fluids used in a furnaces J. Le Floch 
Wét. Const. Méch., 1959, 91, Dec., 897-911 
Calculations relating to the r 
blowers are mathems 
f blast-furnace profil In 
other than those entering 
lehydration or humiditic 
msidered 
Lines on which work by IRSID in the blast 
furnace field is being directed J. Michard ( ev 
Vét., 1959, 56, Deec., 363-368) Research is 
being carried out on improvement in coke rate 
ar i productior Factors affectu 
ular blast regulation, and therma 
examined, taking 
( btained on the low 


29—33, ISCUSSIO 530 


rulation of 
itical study 
fluids 


presented 
of jection of 
normal cycle and 


ion of the air is also 


y turnace run 
Z, in partic 

into 
shaft 


balance are being 
account the res ilts 
furnace at Li 
Clearing biast- furnace scaffold with dynamite 
M. P. Jourde (Iron Coal Trades Rev., 1959, 179, 
Oct. 30, 699-705) A report on the clearing of 
No.2 blast-furnace at Mandeville by lowering 
to the bosh, luting up the 
away the solid matter 
it from 8-20 June 


near! 
furnace and blasting 


The per: > V s carried 


the stock line 


Flames and furnaces. The quality of energy 
M. W. Thring (Jron Steel, 1959, 32, Oect., 483 
$85) The use of temperature heat quantity dia 
grams in f design is reviewed, and the 
described, and 
mainly from 


urnace 
construction of a heat balance is 
llustrated by examples taken 
blast-furnace practice 

The application of radioactive isotopes to 
blast furnace metallurgy J. Vrau (Hutnik, 1959, 
26, (11), 431-436) The author discusses the use 
of radioactive isotopes in investigating the 
processes inside the furnace: (1) The 
behaviour of the charge in the 
peed of gas flow; (3) The 
lirection) of the separate 
charge; 4 The dete 
lining of the furnace during 
Moscow a method has 
laboratory ¢ 


following 
furnace; (2) The 
motion (speed and 
oft the 
fractory 


components 
rioration of the re 
its operation. Ir 
been evolved under 
‘tion of the 
bserved by means of a mass spectro 


onditions where the m«¢ 
YAaSses 18 
using inert gases rather than rs don and 
» making the method che aper 
The batch desulphurization of moiten iron by 
the empone carbide injection process It. 8 
Coates and J. V. Harding BCIRA J., 1960, 8, 
Jan., 89 ty Phe Cat injection process is 
lescribed as well as the apparatus and equip 
nt used. Num factors affecting the 
efliciency of the process are discussed and 
results obtained are summarize 
\Pt lie 
dustry is indicated 
The rate and mechanism of the sulphuriza- 
tion of carbon-saturated iron |. 1). Kirkbrice 
und G. Derge Trans. Met. Soc iJ ME, 1960, 
218, Keb., 87-94) Transfer rate of 8 from slag 
t Fe-C was studied. Increase of Si, Mn, Ti, 
Al retard r from 15°%,Al,O,, 
aQ, 40°°Si0, slag. MnO and FeO uy to 
ive little effect. In certain ratios Mn in 
and Mn in the slag increase 
Phe effective 
at 0-025 em 


graph 1 


d and presented 


n the torm of graphs ation of the pro 


transte 


transter 
for Siin Fe 
Si transport 


rates diffusion layer 


was estimated is pro- 
posed a rate-controlling step t« 


preserve 
itrality in the slag phase. 
Reduction se aed — by Pa 

N M. Stafeeve lovskii, 

( ifarov, aa’. i Gehan Doklady N 

1959, 128, (6), 1210-1213) The mechanism of 

rystallochemical transformation in the reduc 
of copper ferrite presented as 
s: As oxvgen is removed, excess 


CUPiCal Tie 


may be 
ot iron 
ferrite surtace 

with 


iron 


opper ions appear on the 


pper, with the weakest bonds 


gen, forms a metallic phase and the 
liffuses into the ferrite particles after the 

pper | ry oe displaced. The portion of ter- 
valent iron e wet res into bivalent iron because 
f the reduction process and the ferrite lattice 
approaches that of the magnetit« 

Some kinetic characteristics of the reduction 
of iron oxides by hydrogen S. T. Rostovtsey 
and A P. Em (Nauchn Doklady Vyash. 
Shkoly. Met., 1959, (2), 9-14) The cases of ore 
surrounded by a stream 
bed or columr gas passing through it are 
investigated and the derived kinetics are com- 
pared with actual findings. Degree of reduction 
over depth of bed at different temp., degree of 
reduction of portions of the bed at 400° and 
800 (C, effect of H, flow rate and H, consump 
tion per 1% O, removal with rate 
‘onsidered. ; 

The accelerating effect of potash on the 
reduction of magnetite by graphite S. 5 
Lisnvak and G. 1. Chufaroy Doklady AN, 
1959, 126, (4), 831-833) In the reduction of 
metal oxides by solid carbon, reduction reac 
tions occur also due to the CO and the 
tion of the carbon by the CO.,, thus 

YVeO+CO Me+-CO, 
CO.+C=2CO 
idditions of alkali salts can 
eactions both as 


of gas and of an are 
with 


» of flow are 


gasifica- 


speed up these 
sand as solid reducing 
agents. Experiments in which K,CO, 
added to the graphite and to the Fe, 
the ensuing reactions are described 
Calculation of the enthalpies of the direct 
reduction of iron oxides at high temperatures 
J. Maatsch (Tech Witt. Krupp. 1959, 17, 
Dec., 343-344) The author discusses the laws 
of thermodynamics used in his calculation of 
the heat balance of the direct reduction of the 
iron oxides, FeO, Fe,O,, and Fe,O,. The calcu 
arly that the direct reduction 
gh ternp. The results 


gaseou 


was 
4 With 


lations show cle 


s endothermic even at hi 


Journal of The Iron and Steel Institute June 1960 


of the caleulations are 
graphs.—vT.G 
The reduction kinetics of iron ore by hydrogen 
and by hydrogen-methane mixtures 13. [ischner 
Tech. Mitt Krupp, 1959, 17, hapery: 318-329 
rhe stages at which a reduction of iron ore in 
streaming H, or in a mixture of H, and CH, 
at a temp. of 800°C studied. It 
und that the gases saturate ver ] 
with water vapour 


listed and presentec 


proceeds were 
was fi y ¥ quickly 
which makes them ‘inert’. 
Increase in flow velocity overcomes this. Addi- 
tion of ¢ H, uy to about 20°, to the H, hardly 
alters the kinetics, although — reactions 
involved are different (25 refs.) 

The shaking wer a new sebtinnaieal aid 
S. Edling a t. Ann., 1959, 143, 8), 487 
507) The design, eaundhee, aac annua ns of 
this letail. The ladlk 
ensures of metal f 
ised f 


irization (for whiel purpose 


ladle are re 
thorough mixing 
additions, and has 

desulph 


iewed in 
beer 


to be su pler to use than a conventio 
furnace), rec vet — yee and prt 
vith O, to remove and \ 
= mixing ladle, a new metaliurgical tool 
‘ J Vet., 1960, 72, Jan., 44-48 
loped by the Research part 
Stora Kopparbergs AB at Domn 
is rote 1 ‘ ntrically ul 
thorough mixing of the 
Examples ar given of its 
8 ulpl irization, 
pre-refining of 


recarburizing, 


pix iron 


Ladle desulphurization of iron with lime and 
eo suspended in a gas % 
Oiks (J stiya Vi 

8) An 
esulphi 


; 
i 
consun g i-s8 lire 


K. Sobol 
t xperimental ipparatus 
inization has be t 
and 0-03 \] 
vt. of method of bl ving iro 
a has bee 


a G. N 
1958. y 


giving 


and 
Niall 
directly 
improved blast- furnace gas cleaning =. A 
ewitt (JIST, 1960, 195, .J ine, 205-211 rhis 
influence of the nature of charge on the 
ee -_ shaft furnaces }3. lk). Kitay: 

V. A. Alteks P. K. Sen, and K. K. Sarkar 
Trans. Indian Inet. Met., 1959, 12, Dec., 323 
») A mathematical relationship is developed 

of charge, heat 
eduction and shaft ight 
divided into three Values determi: 
mventional blast-furnace plant oper 
used to caleulate 


between particle size 
kineties of r 
zones 
atior 
constants in the formul: 
lerived. The subsequent caleulation of the 
zone heights with 
values therefore agre with low shaft practice 
Technical factors in the production of iron by 
methods other than the blast furnace J 
J. West Scotland ISI, 1960, 3, 
p.10) Reduction by CO and solid C are dis 
cussed and the advantages of the blast-furnace 
ire noted. Only shortage of 
coal appears to limit its use 
with alternative and 
increase of blast-furnace efficiency is held to 
make alternative processes of dubious utility. 
The metallurgy of the reduction processes 
taking place in the rotary kiln: Development of 
a laboratory rotary kiln M. Wahister (Techn. 
Witt. Krupp, 1959, 17, Dec., 330-342) Experi 
ments are described for studying the reactions 
between ore and fuel in a novel research 
kiln. analyses revealed the 
between grain size of the ore and the 
the furnace, whereas microscopy 


agreed practi e and the 


suitable cokir 


Problen 
proc esses are set out 


is arisi 


rotary 
relation 
temp. in 
showed the 
structural changes occurring during the reduc- 
tion, in particular the phenomena involved in 
the formation of metallic iron particles T.G. 

Production of phenol from sodium phenates 
by blowing with blast furnace gas or with the 
combustion products of this gas M. I. Lyukim- 
son (Koks i Khim., 1959, (7), 59-60) In industry 
sodium phenates are decomposed with co, 
The phenol yield attains 90°. In the regener 
ated alkalis ‘there remains 2°, of phenols with 
a NaOH content of 19-20°. The gas used in 
phenol plants for the decomposition ot 
phenates contains up to 35%,CO,. In 
furnace gas its content is 10-12°f and in the 
combustion products 20-25°,. A method is 
leseribed of using this gas for the dee 


omposi 
tion of the phenates i: which the vield of 


Sieve 


blast 








phenol amount vu Further exper 


are hecessar\ 


nstallation 


PROPERTIES, TREATMENT AND 
USE OF SLAGS 


Activity of silica in CaO ye 0 sio ee ¥ at 
1600 and 1700°¢ A c.. 9 


{ 4 J 
AIME, 19 . 215, 


Dev , 958 96? N, 


tr} 
it 


rthe two ter 


Kinetic factors i in the reduction of silica from 
blast- oie type slags yr. C. Fult 
Chipr EME, 19 0, 215, 


dew 


Research on the activity of components in a 
fundamental system of iron blast furnace slag. 
it. Measurement of the activity of slemina in 
the — CaO Si0 Al 0, K ul 


(mori S 


the 


Apparatus for ee | . viscosity ot 
nemey slag E. A.G .ar y.« 


1a5a, (] SO 


ated 
The sulphur equilibrium between liquid iron 
saturated with carbon and lime silica — 
H. Schenck, M. G. Frohberg ro 
Gammal (Arch. E } 1960, 3H, Dati M17 
yilibriur miditior ilphur 
ad hetw 


juid lis 


of the 
attribute t to the 
ot the cart i 

Microscopical investigation of the orystatiiza- 
tion of blast furnace siag |.. P 
Svazek, 1958, 2, 176-177) A 
micrographs in normal and pol: 
showing Various stages in th rysts om zati 

olidifving race lay 1s eproduced, 
with ad ription of the straetaes a: veloped 

Experiences with the foaming of metallur- 
gical slags K. Sauberlich, J. Gunther, and W 
Koct Neue Hiit 1960, 5, Jan., 12-21) Slay 


testing methods are reviewed and small ar 


ardaon 


blast -fu 


1 . 
large-scale trials in the manufacture 


umice’ slag are described and evaluate 


The utilization of blast-furnace oon bi in hot 
bituminous mixtures for road surfacing A. Send, 
G. Gelsde » and H. Kaiser (Stahl Eisen, 1960, 
80, M: oak 3, 290 296) The str 


ments 


ictural require 


such as grair ze, porosity, ete., of 
blast-furnace slag for use in hot bit 


nixtures for road surf 


imminou 

lesecribe 

studies are reported 

natural splits were con 
ind suitability 

R 

blast 


yulremetr 


DIRECT PROCESSES 
Methods of direct reduction of iron ore \ 


a ount of the eleetrica 


Sponge iron in Mexico ‘: 
ss, 1960, 77, Jan., 11) 


educt pro 

ere ant fH alat 
New electrical process for the direct reduction 
of iron ore A. de Sy (/ , 55, | 


, 
1170) Direct reduct 


Some specific aspects of the Swedish steel 
meee Vict 1959, 1, 


PRODUCTION OF STEEL 


The catnonee ot oxygen on world peony om 
D. W P LH 

; 32, | » ot 71) 7 
ANS OH 


The use of oxygen in combustion processes 
with particular reterence to the steel industry 
! or fy ‘ ; ‘ 33 } 4 


The ‘lenportance ot oxygen i em in 
steelmaking Yr. Ma 
/ 1a6e 27, | 


‘ 


Automatic control of steel production | 
iO, 36, (ect 2G 460 os 
BISRA stud n digital posit nti 
“Waste heat recovery units for metallurgical 
furnaces. I 1. st a 


Ver / iy I 
Ve ’ 1] i 


‘Actomaile centres of mea qpeneians in 
iron- and steelworks S. |<! \y 
959, 143, (8), 

pplications 


ere! 


The modernization of the 
d’'imphy inn. Mines, 1959 

4 istrate 

th pecial atte 
ipphers of the 


steelworks 


ad account { the 
‘ntior to 
plant 
Development of a Norwegian steel and wire 
works (Ii Ind., 1959, 26, July, 653, 659) A 
Drie! account 18 yivel of Christi 

vertically inteyrate 1 conce 

nes, pig-iron smelters, 
v t tac 
finished steel product 
Sung? Steelworks (Hlect. le 

s 


67) A note on the 


lls, and a ran 


eturing 
openin 


Small scale steelmaking D I 
ngs, 1959, §& Nov., 4, 11, 13, 
sine gainer of ti oe 

t 


urnal 


of The Iron 
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s d p 

The pre- -refining installation of the Maxi- 
milianshutte A.G. ltronworks in Sulzbach- 
Rosenberg J. Sittard (SLA Bt! 4 ! 


H12 


Basic oxygen steelmaking installation at 
Fontana Plant of Kaiser Steel Corp (/»/. // 
1 26 w., 5 1564, 156¢ 


Oxygen steel passes its tests: more ) eger 
units planned G. A , 1959 
184, Sept ; t jexer 


The basic oxygen process, Jones & Laughlin 
Steel Corporation |). | 


Effect of the slag on the basic refractory 
lining of converters blown with oxygen I. | 
| . 8 J \ | 


0) ‘ 


Comment on the report by H. Beck: ‘Contri- 
bution to the moteterey of the Thomas process’ 
I 1959, 16, 
Q pau ea) Tt} r 


Handling of lime and scrap | 

, 1959, 16, 639-643 
rter Py R 
pexteaiion of ander 


chemistry to the 
basic oxygen steelmaking process \. Dew) 


New developments in iron- and steelmaking 
due to reactions obtained between pulverized 
materials and aone ——_ M 

ut le ‘ +! The 

I] ; 


Allard (Ind 


1 sore pere " lata 

é reported 
Belt conveyors tranepert ogee to a height 
of 43'5 metres K. Wagner a Schmidt 
Hiittenzeitung B er f , 1959, 29, 


" Gaeeteny cnatestate in the light ¢ of the pro- 
gress made in steel making K. k 
Hutnik, 1959, 26, (11), 441-443) Ir 


1 the constar rogr sin the 


vdizwe 


field of 


and Steel Institute June 1960 
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‘ <i by sing rf 1 t hig 
Al 2) yntent. 

The oxygen Wme spray process 7 veining 
pig iron |; t ind M. Allard n Steel 
fer — ept., 37-40) The ot ~ 
fos efining pig it eveloped by TRSID in 

' 4 CesR ' ! = 


proces 
pr 


steel 
rodaquct has t 4 
n operated o 
Study of some converter bottoms with — 
tubes J. Kuhnast (Centre Doc. Sidér 
1959, 16, (3), 645 649 t 


scribed show 


ilts of tr 


erter bottor 
ise of Cu tube 
Steelmaking by the LD og with po 
by addition of ore K. Girunberg, W. Schk 
and RK. Kunz (Sta ,» LY6U, 80, Mare h 3. 
The i eseribe the LD proces 
id of the 
re tor co 
e metallurg 
claimed that the 
» 31 for certal 
» OH steel owing to 
i \ purities, H, and O,. In an 
introduc 1 to tl aper, e Editorial Boar 
yt ws hi 


 Goatslbution ‘to the ee of the Lo 
process Plockinger and M ahlster (T'ec 
‘ 1959, 17, 


ft, 


"Material and heat balance of the LD process 
I 


J. Maatsech, | er rnd Wahlster 
Lech tt. A , 1959, 1, Dee., 310-317 
Material and } . wine the ve 


I iuring reftinmin 

Economic consiborations on the choice of the 
raw materials for the charge of open-hearth 
furnaces (i. Schmidt (Stahl Eisen, 1960, 80, 
larcl 3, 2S? 285) The eco n f an OH 


teel plant that has to 1 li pigg ir 


wstlhy in liquid form Ss T.G 

a aerodynamic approach to furnace —_ 
H. Chester / By 

B1A, Oct., 361 370} 

pattert and ar yplet dvi wmics wit! 

to OH furnace desigt e dered (25 refs) 
Investigations and contro! ‘of open _ 

production problems \. V. La: 

Cleary, jun. (Ind. Heat., 

1386) A number of « 

trate 


195%, Studi 


eat tir 
' E.J 
" Ajax inhales vty oe 
Nov. 28, 885-886) A t 
blowimg of OH furnac 
nan 
Report of the working group of the open- 
hearth committee: ‘Influence of charge prepara- 
tion and rate = charging on — rates’ | 
Puton (Centre Sidér. ¢ , 1959, 16, (9), 
1997-2017 Phe investigation was divided int« 
eres, 1.e. with or without modification of 
charge. In the tirst category, it was con 
luded that ther »f firing 
n charging rate; various measures 


ewed. li 


exists for each rate 


Journal of The Iron and Steel Institute 


y the 
the 
other 
rs are ¢ 
Open- -hearth stoolmaking Committee. Moet- 
ing held 20 21 Dec. 1957 (Centre Loc. Side 
Cire., 1959, 16, 3), 679-684 esume 
ree repo 
Flam 1 t try vin postu hel 
London on 9 October i of the W« 
Group ‘Furr Constructior 
Innovations for prolonging service of open 
hearth refractories. 11 A. J. Voss (/nd. Heat., 
1959, 26, Deec., 2535-2540 \ hot-patehing 
que for OH roofs was developed from the 
» of silica veneer 


1957, an 


techr 
r bricks: to overcome 
a tabbe 


} 
dobrieh Was ‘ pre aea 


Spraliing 
»K ng troubles, ad basi 
creased firing rates in 

Ver l with ¢ 
age im i ate bricks which gave 
excellent re ilt 

Progress with basic roots for open hearth 
furnaces. II (/nd. Heat., 1959, 26, Nov., 2333 


2342) Detailed operating 


irnaces 


data are given fo 
at Laclede Steel Co., Inland 
, Granite City Steel Co., US Steel Cor; 
South W< s), and Armeo Steel Cor; 
Operational experiences with a steel- tube 
recuperator ti a nfeld val 
Rev., 1960, 180, in. 8, 63 


ma ‘ = ’ sthd ¢ I 
A study of deposition and carry-over of 

meiting dust in steelmaking furnaces, using a 

scale — M. A. Glinkov and A. L. Ser 


Vet llurgiya, 1959, , 84-58 


» the LD proces ( ed 
. primer on deoxidation ‘ 

( J. Met., 1959, 

Mechanism of the de 

viewed, the characteristic 

lants are described, ineluding 

»xidizers, and the question of the 

inclusio n 

to } Vy, an 

trials on high Stet are 


a 

BISRA. Electric steelmaking and the 
economics of large ap versus open-hearth 
furnaces (/ifty-firs Imaking conference 
Leaminator Spa, 1958, Read. ie 10 cairo. 
ductory remarks on the electrical aspects of 
electric arc furnace operation J. R. Phillips 
5). The determination of the electrical charac- 
teristics of an arc furnace J. Ravenscroft (6 12 
The electrical characteristics of a 1% - elec- 
tric arc furnace I}. M. Greaves (12-17). The 
effect of circuit reactance on arc ‘cla per- 
formance J. Ravenscroft and D. B. Copley 
The effect of voltage and power an 
on the performance of a 3-ton arc furnace . 
Ravenscroft (23 28). Heat transfer te li 
tions and the development of the automatic 
control of power input on the BISRA 10-cwt arc 
furnace J. Ravenscroft and L. McGee (28 32, 
32-35) With appendix on rs pro 
ntroller for reg 


17-23 


liscussion 
gulating are irnace 
ower input. Arc investigations on the BISRA 
10- cwt furnace |) B. Copley (35-37, discussi: 
38-30). Alloy steel production in the large arc 
furnace F. IT. Bagnall (39 41). Plain carbon 
steel production in large arc furnaces with 
special reference to the economics as compared 
to open-hearth steel production kk. S. Howes 
$145, discussion 45-48) 

Desulphurization of basic electric arc furnace 
—_ by the injection of powdered materials 

Marples and (JIST, 1960, 195, 
es , 195-201 

Arc furnaces nad yg electric steel plant 
United Steel klect Times 1960, 137, 
Jan. 21, 99) Plans for replacing 21 OH furnaces 
with six larg | furnaces are noted. 


Jramime 


Pears 


rhis issue] 


re ster 


June 1960 


Bulk production of steel in electric arc 
furnaces F.S. Leigh and J. B. Ingall(BEAMA 
J., 1959, 66, Nov., 129-133) An illustrated 
account of furnace lesign and perfor rmance 

Design and operation of an 80-ton electric 
furnace in Russia |.. S. Katsevich (/ ( 
Trades Re 1960, 180, Jan 15, 
rranslated from Metallurg., 1959, Sept 

a of the — ofan electric furnace 

sepes , jahe Ener 1959 

ag 7 n 
modify 
which makes it | 
line current but the currents passing 
the phase windings of the transfor: 
idary windings of the transformers art 

mnnected star-fashion but in a delta net work 

Automatic control of the current to the elec 
trical arc _ furnace \ \lixanyan, \ 
Chiect ! \ a i (y Mirids 


seco! 


constant sup Visio 
“The development of are steelmaking furnaces 
and bee electrode control mechanism \. Driller 
*#k] ‘ 


Experience with cleetele 4 arc Sevaaee controls 
H rst ekt 959, 17, July 


An estimate of the properties of an electric 
arc furnace with the aid of the current indices 
method VT. Schwartz (4 ‘ ectrotechr 
1959, 8, (2), BOL- SIP) ¢ adit responding 


x 9 ati - 
Arc furnace wanslormers 
, 1960, 166, Jan. 8, 
ww ‘ | tric furnaces 
transformer eo. ed. Thes 
with illu ation nd diagr 
refer i 


tion, and cooling 
inductive diedes in arc furnaces | iD 
marlund an wt Hanas (lron Coal 7 ¢ Rev 
1460, 180, | 5, 209 307) The 
results are surveved. Homogeni 


position id temp. and effect 


prin ciple and 
zations of cor 
auring o 
fiti, é 
oe ee ‘ 
é ) affected : vwdiicated 
Practical « econsasies for totais steel melit- 
ers RK. B. Shaw (./ Tet., 1959, 11, Dee., 823 
828) It is shown how econon Ss are ossiblk 


furnace practice by ensuring the 
»and improving melting procedures 
20 as to improve vields. 


Acme Steel inaugurates novel 
operation in the United States (/) 
1959, 36, Aug., 129) The use at the nev 
dale, Illinois plant of Aeme Stee 
ene Rayo 1 
tinuous hot hb 


oxygen converters 


steel mill 
el Enq., 


nist 


vutlined 
Automated ladle additions up steelmaking 
efficiency Blaw Knox Co. (Steel, 1959, 145, 
Sept. 14, 172, 176) The ladle additions feeder 
described consists ’ 
hoppers, and electror 
m load cells and a 
tem is said to save labou 
Mn, eliminate freezing 
reduce tl spread in Mn « 
last ingots 4.G 
Covers on hot ~~ save steel (/r ige, 
184, Aug. 6, 92 he use of special hot to 
1 te Rvedtenglir Fn 1} The 
er consists f a top layer of 


ibratir 


1959, 


Vers 1S sal 
ims ilating 
yg plate, and a bot 
arbonaceous exothern 


naterial, a steel 
laver of 


eparati 
non- 











tainer A.¢ 
Rimming steeis tor telegraph wire cast in 
bette- -shaped ingot moulds N. F. Dubrev 
lr’, 1960, (1), 44) A not t } Is Ne 
Meta 


W ith 
_Vallak hot top improves worid Steet yield 


Steel Rev., 1959, 3, Dee., 37) The 


“Ultrasonic control of grain size in austenitic 
steel N V. Khimehenko and V.N. Prikhod’k« 


1959, (7), +H ; iain Size 


and circuit diagratis 

Camera study of the behaviour of splash 
cans ne teeming M. Jones, T. D. B 
Hug , and C. W. Latt lron Coal Trades 
Rev., 1959, 179, Dec. | 1065) The 
method used and sor ott ri eyiven 


The evlu 


Poo 


drical can we how: > —- 
ectal lar and with small 1 difiea 

tions the mer has pre or fte 

A snashins for twin- strand casting of square- 
— °, I. Mitrofanov, Kh. L 
A. N. Grigor’ev, M. N 
Shabanov, G. RK. Korotko 
shanskii (Stal’, 1960, (1), 


system for 


Saplan, 


ontinuous ! wi 
cooling system, withdraws t i, dummy bar, 
and auNiliary stand to en ig ¢ nm 
of the 
bar shpping or bemg d rter ( iamond 


bar and flame cutting 
shape by pressu 
Thermoelectric method of measuring the 
metal surface level in continuous casting A 
Elkershausen (Neue Hiitte, 1960, 5, Jan., 31 


i) The method deseribed de 


pends on th 


measurement of the rise in temp. of the mould 
wall, and has been used in a three rand plant 
possibility of « 
asuring equipment with 


») of me 


for several months. The ombin 


ing the me a svatem for 


automatic contre tal le lin the mould 
is discussed 

Experiment in the use of pouring basins for 
the continuous casting of steel V. N. Strelets 
and I. N. Pitak 
hese are clay-graphite pouring 
borir 


Oagqneupory, 1960, (1), 30-32 
basins with a 


A sper 


mstructior 


lining ifica 


materials and for e« 


y to take a magnesite 
tion for 
given 

The service life and alteration in the phase 
composition of the stoppered funnels in con- 
tinuous casting of steel |. A. Kuz’mina, N 
Pitak, and \ M. Sterlets Oqneupory, 195%, 
(12), 560-566) The ex of the funnels is 
due mainly to the action of the slag forming « 
large amount of 
thite, mag burning of 
the stoppers ts due mainly to contact of the 
liquid metal with the metallic core of the 
stopper through the cracks. The 
resistance shown b hi 
funnels. 


rrosion 
a glass-like substance, anor 


nesium spinel, ete. The 


yreatest 


gh-alumina-lined 


FOUNDRY PRACTICE 


Metal yields in the foundry \. Mal (fond 
Belge, 1960, 30, Jan., 17-18) F 
given for various types of casting. 

Consumption of raw materials in the foundry 
M. Martin and F. K. Garman (BCIRA J 
1960, 8, Jan., 67 88) This is a report issued by 
the Foundry Operations Section of the 
BCIRA on information collected 
iption in foundries of coke, limestone, 
ganister, pig iron, and new moulding sand. The 
presentation is in tables and graphs and the 
tindings are discussed I 

Save by spending on mechanical handling 
equipment. oH W Zimnawoda Cana 
Metalw., 1959, 22, Nov., 44-45) Mechanized 
foundry : andling equipment is deseribed 

Gas- foe or friend of the foundryman N. | 
Bus! h (Castings, 1959, 5, Sept., 13, 15, 17, 19, 
21, 23, 25, 27, 29, 31-33, 35) Work on blowing 
with O, is described. At low pressures Si and 


ormulae are 


about the 


consul 


\ie 

( F - 
n effects, alse 

South Airica’s most modern steel foundry 

aw Metals Lt Eng. 1 , 1959, 25, 


Sept ! tr ed t if th 
| ; it ul 


“i 


tounar 

Dominican nr Neer oe way | Ast 
leros Dormminica ind iy 
1960, 108, Jar 14, 47-4 I} f 
Haina is | 

Would a basic ongeme be beneficial to all 
foundries? |. K. Duncan (ky Found., 1959 
25, Aug., 30 41) The aa ‘ tage of th ipol 


of this tvpe are ndicated and out 


DbrieNly Geserils 


iesti 5 are ted 
Methods of heating the cupola bast 
« “ Kl l Odiewn 1460, 

sification of ¢ 
Ziv 1 and tl wival 
liscussed 
eribed 


An experime 
and its advat 
Vs 1) Simy 
it f adaptat 
Distinet — 


*s with blast ! 


al and econon 


of 400 6 


operation; (4 
advantag 


Metallurgical he ina small cupola A. S 
\ 


I's vn B 

Shi warts, K ‘, Bogovavienskil, ané 
I 

I 


Shemervankti 
ko (Koks ¢ Kher 1959, (11), 3 
h reters to the 
habe strom tl 
t e, and to th 


1] ' 
Smnall cupola 


GOs) 


| Maret 


SOLU -5DS sree 


LO50 be 


haracteristics are i 
Desulphurization a cupola cast-iron by 
tuyere injection of caicium carbide |). Hi. bast 
vood and 4 W. N. Pitts (Found ude 
1960, 108, 28, 99-102) Work 
showing that wor cal be pr 
0-008° 8 | injecting Caf Phe fall un 
accompanied by arise of C of O-2-0°5 
Oxygen aids for the cupola (ommonwealt! 
Industrial Gases Ltd (Castings, 1959, 5, Aug., 
9, 11, 13, 15) The use of the oxyge for 
ryhting up and the effects of enrich 


O-5-1 with 


nh iatce 
ient hs 
oceasionally 3 mm evlinder 
are described o th rf , for clearing 
tap-holes and blowing in the ladle are brief 
mentioned 

Methane gas used for melting cast iron in the 
cupola ©. Stefanescu, T. Steflea, i 
leodoreseu (Met. Constr. Masin 


671-682 


" 1959, S), 

Experiments are described of a 
500 mm cupola being altered with a 

or s through which CH, 
supplied for cor d ratio to the 
air blast. The first results under industrial cor 
litions have proved satisfactory 

Melting and — on in the iron 
foundry (Brad Va 1959, Autumn 
Winter, 4-5, 7 rhe cold a hot blast cupola 
lectric, and rotary furnaces are discussed 

More steel with oil (Asso Orlways, 1959, _ 
3), 19) The use of oil tiring at Sam es Fox 
Co., Stockbridge, is mentioned 

Tilting rotary ‘furnaces Edgar Allen News, 
1959, 38, Dec., 274-275) An illustrated account 
of the Stein & Atkinson design 

The manufacture of eaharesent graphite cast 
iron in the cupola ee | —_ and 
M. Swiech (Prz. Odlewn., 1960, + 27-30 
Since 1953, attempts to intre niuce ae into the 
melt at the PZBU works in Bydgoszez have 
resulted in the method used for the last 
being adopted This method is 
based on the introduction of Mg electrodes into 
the cupola forehearth. The method, its opera 
tion and castings made to date are deseribed in 
detail. It was found that the time taken t 
introduce the Mg Further 
more the temp. drop melt has also beer 
reduced 

The circuitry and operation of induction 
furnaces (). W. Seulen (ELlektrowarme, 1960, 18, 
Jan., | 3) The circuitry of low- and mediurn 
frequency holding 
given and the advantages of a combination o 
two or more furnaces on the power factor and 
current utilization pointed out. The effect of 
superheating on the preservation of the 
in the melt is discussed in detail.—-T.a 

Induction meiting in mains frequency or 
medium frequency crucible furnaces? K. H 


, 
normal 
id row of tuvere 


bustion in a tix 


finally 


three years 


has been 
f the 


reduced 


melting and furnaces ar 


nuclei 
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‘ tadustion ‘and resistance melting furnaces 
Introduction }. So r (f , 
17, Oct 55). Applications and economy of 
medium- Pere ey induction furnaces hk 


Std) De t | per . 


Operating experience with medium. frequency 
—— furnaces G. W. Seu $61 36 
i irtin I ' rity areal « | 

t t id and duy ha eCONOr 
nd i t red. The low- 
frequency ring- induction furnace design, > 
plications and a ). P. Rohn (367-3 
Most non-f it ast-iron It 
furnas included. Operating results of 
resistance furnaces for melting steel, cast iron, 
light and — alloys F. Deutz (373 376) TI 
graphit« stance turnace h 

va i ieyvassing ising grat te rd n 
pro di eff t ‘ 

A technique for the melting and heat-treat- 
ment of soft magnetic atteys N. F. Dubr 
Ne . 1), 50 \ » th | 
R Inst. for Ferrous Meta 

eated remeciting i an are 

7TYONSM allo 
tin il 
nd reduce 
fflects deper 
yuent annealing 
_ate- furnace ae og } 


1 
i 


elt 


Convert chips into castings ye, 1959 
184, Dec. 31, 50) A new induction melting unit 
the ‘Multiductor ideal for reclaiming chip 
turnings, and borings \ stat ie ( yener 
ates the 180 evcle current so that the unit car 
be installed in a foundr: ithout trouble fror 
moving parts D.I I 

Arc agg — a Ferranti factory 

Elect. Rev., 1959, 165, 4, 786) A furnace 
for producing cast ire > ym scrap is deseribec 

Ferranti Ltd. produce pig-iron from scrap 
steel (Foundry Trade J., 1960, 108, Jar 25, 
107-108 

Electrical firm recovers steel scrap (K/ect 
Times, 1959, 136, Dec 3}, 674) An arec-turnac 
at He 

Effect of rare-earth additions on some stain- 
a steel melting variables R. H. Gautschi and 
nberg Trans, Met. Soc 1IME 
218, Keb., 128-132) Type 310 stainles 
was treated with rare earth metals to obser 
the effects on a ast structure, N 
tent and i ms La ha 
grain-refining influence ¢ mall ingots but or 
200 lb ingots the effect 
La, and mischmetal | 

0-015 with vddit 


yllinwood is briefly described 


( Lange 
oa 


and S 


non-metall 


onsister 


metallic inclusions did 

it had e ‘ ect i 
sand castings Castings, 
Ar 


f trade, s 


ingots | 


employment 

The origin and significance of grain structure 
in sand castings V. Kondic (Brit. Found., 1959 
§2, Dec., 542-549) Inforn 
the 


rigin, shape, and size of 


ation dealing 
VrAliis 
alloys reviewed and its significance in the 
manul 
An effect of phosphorus on the solidification 
expansion and soundness of nodular graphite 
irons K. FE. I. Nicholas (BCIRA J., 1960, 8, 
Jan., 29-38) The addition of P to nodular 
iron results in severe shrinkage 


solidificatior 


acture of castings ts discussed 4.D.H 


graphite cast 


and in exceptionally large casting 
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expansion. Deep tehu 10WS 
phide eutectic ntinuou 
surrounding the aust graphite 

in - 
ells 


that the phos 

networt 
uteeti 
tries 


indness 
ontaining P 
Manutacture and properties of s.g. iron () 
i ee 

Practice at Ja Barwell (S.A Ltd, 


\lberton, is ou 


graphite cast 
Skiffington (Eng. F 


3 of the 

8.G. iron in steelworks plant A 

Mond Nick , 1959, pp.2 
nt with ilh 


| ve 
“ke ovens, 


tkel Ce Cure 
istrations of the 
nrnac 
Ladie inoculation of high quality grey iron 
A. Somig I Ital., 1959, 8, Dee., 445-448 
ot alae tizu l ially 


, and detaile 


RE ilants, us 


sed on silicides, 
ults are given Mair hivantages is 


shed prod 


ver defects. Greater 


uct are in itv and 


lower 


proved workabil 
flexibility 
sts in production resi as by 


and 
later addition 
graphitizing elements iron of 
obtained 


varying 
qualities can be from the 
nitial burder 
‘Ni-hard’ A wear-resistant cast iron A. B. 
Everest Vaschine klektr., 1960, 15, 
March, 75-79) Properties and applications, 
particularly in the mining and cement indus 
try, of the so-called Ni-hard cast iron are re 
ewed, Ni increases the hardness of cast iro: 
level of about 4°5 by gradually 
ing the pearlitic struct to a a martensite 
that has the desire caunes sista 7 
Study of a high-chromium martensite cast 
iron A. Vilain and J. Marlot 17 B Mét., 1959, 
1, (7), 183. 191) Assessment of the results of an 
experimental study of Ni-Cr alloy 
containing 2-14°,Cr indicates that alk 
5:5 Ni and 5°5-6°5°.Cr 
with a ma 
ness and { 
Possible 
cussed 
Are all-black malleable and white-heart 
malleable two different materials? H. Lehmann 
1960, 6, Jan., 19-20) In Ger 
heart malleable is 
outside Germany 
malleable is preferred. The 


same 


nwelt 


up te chang 


cast irons 
vs with 
give a eutectic 
structure, with high hard 
omparatively low brittleness 
applications of the alloy are dis 


iron 
rtensiti 


Giessereitech., 
many whit 


duced 


usually pro- 
all-black 
author compares 
ypes of metal and 
dropping of the names of the 
material and quotation simply by the mechan 
al strength values which are rather similar 

Edgar ‘Allen steel castings (Kdgar Aller 
1959, 38, Dec., 265-268) The 


whereas 


the properties of the two t 
advocates the 


News, foundry 
and its equipment are described. 

Steel founding with zircon sand (Lng. Found 
1959, 25, Oct., 50) Use at Livingstone, 
Victoria Falls, is briefly described 

Steel castings for high duty Hi. b. 

Met. Prog., 


near 


Hubscher 
1960, 77, Jan., 77-81 Manu 
facturing, inspection, and machining methods 
at the steel foundry of George Fischer Ltd., at 
Schaffhausen, Switzerland are described. 
Large castings up to 45t are made for turbines, 
electric generators, large diesel « 
and th 

arc furnaces 

The casting of steel supporting pedestals with 
a cast weight of 10:5 tons using exothermic 
sleeves W. Longa and S. Strama (Prz. Odlewn., 
1960, 10, (1), 23-27 ie old method and that 
ising exothern leeves are described 
found that 


riser were 


ngines and 


aircratt, din electric 


steel 1s pr duce 


It was 
thermic sleeves in the 
used not only was it possible to make 
a 10°5 t casting from two furnaces with a 
naximum output of 5 t, but the cost was 
reduced. Shrinkage cavities were 
the first few ce 


mition of the sle 


when ex« 


observed on 
t down to too 

After an insula 
d to the inside of 
delay ignition, 


early ani 
ting coating had been applic 
n order to 
ties were noticed 

First steps for standardization of the steel 
castings production H. Pfeiffer (Giessereitech 
1960, 6, Feb., 45-46) This is a report of a meet 
ing attended by representatives of the Govern 
of the manage 
and of the 

works on the 
gs inthe German 


the sleev e, I no Cavi 


ment’s planning cor 
ment of the peo] le’s own works, 
peopies own steel 
standardization of steel ¢ 


nmission, 


castings 


astin 


Democratic Re 
requ rements 
Secretary, 


future 


public. In conformity with the 
made by the Socialist Party 

Walter Ulbricht, each works will in 
restrict the number of steel 
tions emploved and will also be 
zed than hitherto 
easters are no lor 


composi 
more special 
Chis will show that the steel 
" 


nger a hindrance in the deve 


ypment of the nation’s econon 

On the spheroidization of the carbide phase 
in steel B.S. Kazarnovskii (Fiz. Met. Metallor 
1959, (5), 703-707) The finding os of the investi 
gations show the great influence which the 
rate of cooling ym 700-600° has on the 
sphe roidization of the carbide phase. In slow 
cooling within this range, the diffusion pat 
of the carbon is shorté This is due to the 
more complete elimination of carbon from the 
carbides. It is 
conditions for 
especially in alloy 
g optimum conditions of 

vw between 700 and 600 

Cast- steel wheels for railway trucks |). s. ‘ 
Fraser (Found. Trade J., 1960, 108, Feb. 4, 
131-134) An account of the new Griftin Steel 
Foundries plant at Manitoba 

Cast stainless fittings for oil plant headers 
combine corrosion-resistance, casting — 
advantages (Western Metalw., 1959, 17, 
56) The steel contains 18 21° Cr, 8-11 Ni 
and 0-08°°C0 
the proce ‘alifornia crudes which con 
tain S and other corrodants that cause C steel 
to corrode at a verv high rate. These cast 
stainless steel header be given 
of trouble-free service at fluid pre 
450 psi and tem p. of 900 F. r.G. 

Experience gained in pneumatic og of 
sand (©). Persson ( 1960, 47, b. 11, 
68-70) The reasons for the choice py a pneu- 
matic Sand transport system for a Swedish 
foundry are discussed and the 
naintenance described. 


rate ot 


x-phase as highi dispersive 
therefore possible to envi 
obtaining tine-grain pearlite 


by selecti 


and is used for header bodies in 
~ssing of ( 


dies have vears 


ssures of 


plant and its 
Operation and mai 
tenance costs are very low.—tT.G 

Preparation and classification of foundry 
sands by washing T. Eder (Giesserei, 1960, 47, 
Feb. 11, € 68) Various types and methods of 
washing and classifying foundry sands are 
described including the recovery of used sands 
The advantages offered by vertical washing 
and classifying methods are stressed r.G 

New study of the behaviour of fre-clay and 
silica sand for steel castings A. Vélpel | 
sere/, 1960, 47, Feb. 11, 56-62) The sae 
studied the metal/mould reactions as a func 
tion of sand composition and ramming 
strength and points out the effect of mould 
rs on the penetration depth of liquid 
steel into the mould. He stresses the import 
ance of correct ramming of a sand mixture of a 
eorrect grain 


dressing 


Ratingen sand additions 
to a = mixture give the required proper- 
ties 

Method for the determination of the specific 
surface, grain size and grain structure of 
Soontty sands F. Hofmann (Giesserei, 1960, 47, 
Fet , 49-56) A method is described for the 
amma of the shape of the sand 
of foundry sands 


shape 


grains 
and an expression is derived 
for classifying the grain shape. Another meth 
od has been developed for the determination of 
the porosity or internal structure of the sand 
this coefficient expresses the 
holding qualities and requirements.—1 

Sands suitable for the CO, process and their 
effect on moulding (© Gerstmann (Giesserei- 
tech., 1960, 6, Jan., 22-25) The prope 


silica sands 


grains, water 


rties of 
particularly grain-s 
size distribution—are 
reference to their 


7e and grain- 
with special 
suitability for the CO, 


discussed 


yrOCcess .G 

The effect of reagent anemone on the proper- 
ties of moulding sands A. J. Anderson (Brit 
Found., 1959, 52, Dec., a 565) The effect of 
additions of Na, Os, pyrogallic acid, and 
sodium pyrophosphate on a sea sand contain- 
ing bentonite and moisture were determined 
The effect of the additions on the green 
strength and lity was related to the 
viscosity of similarly treated clay suspensions 
but not to the pH developed A.D.H. 

Method of calculation for the permeability of 
foundry sand with grain distribution K. Hashi 
moto Rep. Gov. Ind. Res. Inst. Naqoya, 1959, 
8, Nov., 780-785) A formula is derived relating 
the permeability of sand with the grain-size 


flowalt 
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listribution of the mula is applic- 


able to the actual moulk ch sand 
of Various s1zes are mixer 


grains 
1s to a model 
lavers of sand grains of uniform 


Properties of moulding materials at high 
temperatures. IX. The thickness of the harden- 
ed surface layer K. Futaki, M. Isotani, and Y. 

aki Rep. Gor ul, Res. Inst., Nagoya, 
1959, 8 Oct. 71 rah Dur ouring the 
noisture of the in ‘ ce ver 0 mo 
is evaporate 


the ir 


enses at 
terior of tl mould. This 
moisture ( ¢ t ers the 
mould and tn tur? 
the thickness of the 
the criterion The 
depends mainiyv on t 
and on the drying conditions of the 
not on the quantity of any additi 
Measurement of moisture in foundry sands 
R.G mndding (Bull. BCIRA, 1959, 14,8 
918 21 Methods are briefly outlined IT ref 
Report on B.W.R.A. questionnaire on pene- 
trameters F'.H.18 Radiographie Panel (Weld 
J., 1958, 5, Dee., 55! 56) Two experimental 
types, one with 2-in. wires mounted in plastic 
and a step-type with hole each Ds j 
Modifications to the forme 
sug ted, the latter as consid 
limited in applicability 
Preheating of pattern plates in —. & 
reduce the adhesion of moulding poe K. . 
and J. Horoszko (Prz. Odlewn., 1960, ae 
1-8) The authors consider the ilities 3 
heating plates to reduce the adhesive forces 
between plate and moulding sand. This is 
replace the method where parting substances 
are used, The variation of friction and adhesion 
with temperature i considered and 


methods of investigation 


compare <a 


possit 


forces 
outlined. It was 
that eating to about 50°C reduces 
adhesion forces to zero and heating to about 
60°C reduces friction forces to values no 
than those obtained by the use 
stances. Several methods of he 
described 

Plastics as pattern materials |. Flood 
Gjuteriet, 1960, (2), 19-26) Methods of pro 
lucing plastic patterns are deseribed, 
number of oo and photo 
their properties are reviewed 

Practical calculation of the gating system for 
grey cast iron K. Nebel (G 1959, 5, 
Dec., 341-353) A oh of general princi- 
ples is followed by some de 
svst 


found 


greater 
of parting sub- 


ating plates are 


with a 
rraphs, and 


PRROTE techn., 


sign details, and a 
m of nomograms and calculators is des- 
ribed for simplifving computation 

Gating for all types of castings ©). Prenckle 
1960, 47, Feb., 81-94) After 1 
various methods for determining pour 
ing time and for caleulating gating 
the author explains his method for evaluating 
pouring time and gating shapes and layout. He 

for this } 

ount such variables as moulding 
weight 


Giessere eview- 
ing the 


svstems, 


uses diagrams and nomograms 
taking into ac 
method, casting method, casting 


rpose 


metal, 
and shape of the casting (31 refs) T.G 
Lightweight fireclay used for lining feeder 
heads N. F. Dubrov (Stal 1960, (1), 44 
note from the Ural’s Sei Ri s. Inst., for 
Metals. Clay of dens. 1-5 used as lining 
crop ends by 2-3 f carefully mad 
18-20 melts. They 


in rejects fron 


Ferrous 
reduced 
they last 
also produce se reductior 
other causes, 

Shaw process licensees conference (Machin 
ery, 1959, 95, Dec. 30, 1378-1384) A summary 
of papers read at the conference in London. 

Relation between the saturation indices and 
the volume of the pipe in grey iron I. Cazacu, 
lr. Vadanici, and A. Fechete (Vet. Constr. Maa., 
1959, (9), 763-768) A directly proportional 
relation exists between the volume of the pipe 
and the saturation indices of the iron. The 
reduction in the of the cavity can be 
brought about by a reduction in the saturation 
indices up to a limit which allows a pearlitic 
structure to form lo reduce 
indices, the Si and P conte 
P in particular 

Possibilities of using a waterglass of 37 to 40 
Bé as a moulding material binder ©. Gerstmann 
Giessereitechn., 1959, 5, Dec., 362-364) Proper- 
ties of waterglass compounds with different 
moduli and densities are 


show? 


volume 


saturation 
nts must be reduced: 


discussed, and it is 
that satisfactory core properties can be 











"Core binders 
he 


Solidification of grey cast iron H 
eet Song ecagh ~ 1a59 32. 
$82) Solidification raphite nucl 
growtl iwnd = oeft 

sucseadian the yield by applying stope casting 
in oe steel foundry I 


basa, 


15 eT 

“Minicast does it cheaper 

/ key . 1oao ke 

4 part 
atter Tables of 

a irface finishe 

“Commercial tolerances on ‘permanent mould 
castings H. K. Barton (Ver 1 195%, 139, 
Oct $30-43 

ng thes 

Yplained 

Centrifugal castings 

bet 15, 156-160) Spe 

pr 

fthe C and low-alloy st s are tabulated 

The action of external coolers during oenee- 
cation of steel es *. A. Skvor 
VUZ Chernaya Me 


tal 
he origin of the X-phase in - iron moulds 
slarehih 7 } ‘ t 


» [9oM, 


re decreases the te 
‘The — a pinholes, in steel. castings 


Studies ” 


roduce 


slag er 
mily 
at fault 
Factors infiucnsing me piping of grey cast 
ven \. Krall (Gies . 1959, 46, De . 


1015) The re 


ant factors iny 


6, 456-483 ! { 

Foreign foundry troubles according to the 
technical literature of 1958 (/ 1vsy 
. t 0-440 \ rit iy . 


Blowholes in commen, and ——. hod  ore- 
venting their occurrence J. Ornst (SI 


The forced wien a large iron ee 
singly orin — = * A. Kort 


‘Contribution to the itlumination of foundries 


Sa a esserei, 1959, 46, Dec. 17, 984 


Effect ot steel composition on hot tearing in 
oe, N Prubitevn ar 


The ‘decarburized layer in castings with 
tusible patterns ©. V. Stupishina (Lit. J 
Iu, 4 {6 38) M " oral anal is | 
that the deca er is the one 
On the surface 


gate uu 


€ “it 
> thn @onme f the tla 
Approximate general analytical solution of 
the problem of the solidification of casting of 
different shapes under the simplest conditions 
Pr v., 1959, (9), 41-42) Ar 


Othestis ¢ 


On the smaller sand marks of cloudy agpear- 
ance in roller bearing steel SUJ 3 Y. Matsun 


Journal of The tron and Steel Institute 


ABSTRACTS 


The effect of casting temperature on the 
formation of shrinkage cavities near hot pens 
in thin- waited steel —_, M. M 

7 ~ 


“t Ph.D. t Pt 
The use of AST T plastic mass in foundry 
—. mi. 2 / 
44 45 ! i | t 


trom AST T 1 
Repairing casting ‘detects by solt- ——— 
plastic masses \. |). 13 


VACUUM METALLURGY 


The effect of vacuum treatment on the 
quality of 30KhG SNA and ShKhIS ae 


\ 
1 


Comparison of vacuum and air-cast steel. |. 
Special features of vacuum ingot- ~Casting pro- 
cess | Suz 7 \ Son, 2 
H ne. ) Aig ) mart) ( ra) 


4 
featur 1 prod ur re é lroy 
, > j 


On the vacuum casting of steel. Il. Funda- 
mental problems in vacuum casting |. Asa 
umeé [etsu to Hagane, 1959, 45, Ma 17 


The role of carbon as a deoxidizing agent in 


production of vacuum-melted steel « 
P Ward 


tt, H. T. Prott ind R. G 

JIS] 195, , 174-18 rt 
Evaluation of prapertion obtained trom an 
air-induction and vacuum arc motes high- 
temperature alley 1B ‘ | Brown 
Tray Vet 215, \ 


1960, 


that 
elted ate al are 
Contribution to the redection behaviour ot 
some oxides and oxide compounds in the frac- 
tionated vacuum-fusion process in the carbon 
crucible H. Scher {K.-D. Us 


at) 49 552) 


June 1960 








4 il i i I i thie 1 
48Sur i 3 sit fract ated 1 
! t i d, a i 1 tw tug 
xt t nat ll60a 1 2000 ¢ reco! i 
! proport tt 
instat ferrous and ‘ ar oxida t 

total rit i t py t ft 
r i aria 


EHEATING FURNACES AND 
OAKING PITS 


A comparison of regenerative and recuper- 
ative —s pits S. H. Brooks (/ron ¢ 


R 
8 








1 le ev., 1959, 179, Oct. 2, 457-467 \ 
on to a miference o1 atee] tube 
I I ld Paris in Apr Diagrar 
| Ui Frodingham pits and exter 
icta f operat anid formarne vith ar 
. ant of special test ie in both t ure 
. I nerati | showed a small 
1dvantay n test but in practice they tend te 


verformance by larger margit 
(other 
also appear to be in favour of the latter type 
Reheating without oxidising in billet and 
forging reheating furnaces ©. 1. Kosengart 


than do the ey ap se tvpse tactors 





Vetallurq., 1959, (11), 25) If fuel burns with 
ar xtreme shortage of air, then simultaneous 
with a decrease th ntent of oxidizing 
gases, ar nerease in the volume of red ny 
ase eur and tt furnace atmosphere ma 
approach a neutral non-oxidizing one The 


tests showed that, to heat steel without scaling, 
during the burning of the 


fuel must be half the theoretical amount. A 





s nd important question in relation to the 
mn Kichizir heating { metals is the utiliza 
tion of the heat of the incompletely combusted 
fuel which t ts of 55 65 of the calorific 
il f th fuel. Two ba types of furnac 
xist for tl t atior f this heat. In th 
rat type, t! products if incomplete cor 

tior ’ burnt up outside the furnace 


or recuperator 


etore the regenerators « 
} at the com 


heat is used to prehe 
However, this ensure 





Ss utilization 
nall part of the heat from the con 
bustion products. In the 
second type, the products 


bustion are burnt uy n that 


furnaces f the 
of incomplete con 
part of the 
rated from the combus 


furnace chamber sepa 
t iber by an intermediate roof or u 


: han 
ion cha 





pecial pipes filled with refractory material, ir 
the furnace chamber. This device permits the 
lirect utilizatic of heat from incompletel 


urnt fuel for heating the metal. When ar 
ntermediate 50 mm thick carborundun 
vas installed, the efficient of fuel utilization 
nereased 1-5 times, and the 
tion of heat during this 
xtremely high. A sharp increase in sealin 
the metal set in at atures excee 
950--1 000°C, Thus, it may be canned that th 
first stage of heating, in an atmosphere where 
the products of incomplete 
burnt up, may be carried out 
900-950°C without any noticeable ¢ 
metal These data were 
ial tests carried out in the 
The application t 
possible in 


root 


specific consump 
period remained 








ten per 


combustion are 
at up to 
‘ 


being 
yxidation o 
confirmed by 


furnace cham 





Otwo-stage non oxidizing 


heating is continuous as well as 
batch furnaces 

Present-day possibilities of low-scale and 
scale-free heating of steel for hot working 
P. O. Veh *Industrie-Anzeiger, 1959, 81, 
April 7, 410-412) The use of combustion 
as protective 
vari is types of furnaces and inductién 


gases 
furnaces and 
heating 
diagrams are 


atmospheres for 


equipment are reviewed and 
given 

Furnaces for rapid throughput and walking 
beam furnaces for reheating all types of steels 
J. Dineur (Centre Doc. Sidér. Circ., 1958, (6), 
1205-1314) The author discusses and compares 
the construction, operation, _ oP plications 
of tt two type of turnaces R 


Radiation recuperators in caning pits 


Kremer (Hutnik, 1959, 9, (12), 405-408) The 
mode of operation and economues of rec uper 
ators are discussed, It is suggested that metal 
radiation recuperatore used in conjunction 


with convection recuperators may provide the 
tr economical utilization of fuels P.E 
‘Automatic regulation wl the thermal ~~ ow 


of soaking pits Z. Volf (//utnik, 1959, 9, (9), 300 


Journal of The Iron and Steel Institute 


303) The ‘ 
the Klement Go ‘ 
lovakia is dese1 i ail r 

Design and operation of rolling mill furnaces 
during the last tour decades K. ©). Borchers 
Stahl Eisen, 1959, 79, ct 29, 1591 1601 \y 
llustrated review of the developments in the 
| furnaces. The 





lesign Of rolling mii importance 


ration is stressed (72 rets 


HEAT-TREATMENT AND 
HEAT-TREATMENT FURNACES 

The construction of industrial furnaces ((/. 
et Ind., 1959, 40, June, 550-620) Some 
ples with illustrati g tallurgi 
tructed by the Societé Fotun 
Flames and furnaces. Laws of heat transfer 


exXam 
ms are iven of nu 


al furnaces con 





M.W. Thring (Jron Steel, 1959, 32, Dec., 5 
75) Laws of conduction and convection ar 
mad are 
i tior 
tube 
right angles to the 





f s flowing a tube at right 
angies; and v ha gas tlowimgy inside a tube 
High-temperature total radiation heating 
Chal. et Ind., 1959, 40, June, 69D 76D 
Characteristics of high-temperature total radi 
yuthined with their applic 
eral of which ar 


round 





burners are 
tion to industrial furnaces, se 
illustrated and described 
Convection and radiation in high speed heat- 
ing N. H. Davies and R. J. Reed (/nd. Heat., 
1959, 26, Aug 1546, 1550, 1552, 1554, 1556, 
1558, 1626) B high heating’, the 
that a furnace temperature 
tinal metal temperature is 
gement of heat source and 
appli radiation and 
convection heating to a maximum number of 
of the heated piece, rhe 
rate of heat transfer, and 


ation 


speed 
authors imply (1 
than the 
mploved; (2 


greater 
arran 
work to permit ation of 
sides « factors affecting 
ways in which they 
utilized to increase the rate of heating 
are considered. The advantages and applica 
tions of high speed heating are 

Straight line installation provides automatic 
atmosphere heat treating F. \. Horak (/nd 
Heat., 1959, 26, Aug., 1528, 1530, 1532, 1534 
One man, shuttle buggy’, is able to 
heat-treat an a of 460 lb/h owing to the 
layout and mechanical handling methods used 
by the Harnischfeger Corp Phe 
furnace used are deseribed. 

Effect of the composition on the heat-treat- 
ment and structure of high-manganese steel 
H. Takada (Tetsu to Hagane, 1959, 45, March, 
35 oh S-Curves are given for 0-93°,C, 
Mn, and 1-27%,C, 11-17°%,Mn steels, 
and steels y 14°5°..Mn are 


can be 


discussed 


UBITYY A 


verage 


type s ot 








ontaining a} prox 
also dise naaltcers K.B.d. 
Success in the speciality steel field is in direct 
proportion to heat treating versatility k. © 
Piper (Indust. Heat., 1959, 26, Oct., 1941-1952 
For production of a diversity of products, e.g 
turbine and special 
forgings heat-treat 
Details are 


casings, bearing rings, 
extensive 


needed. 


and 
ment facilities are 
a plant containing 


castings, 
given of 
box-type, and car 


tanks 


beehive, 
type furnaces, water and oil quenching 
and a flame hardening machine K.E.J 

Cast rolls brave higher heats (/ron Age, 
1959, 184, Aug. 13, 96) Improved roll life in 
high temperature roller hearth furnaces is said 
to have through the use of 
centrifugally cast 22H alloy. This retains its 
strength up to 50°F and resists oxidation 

Studies on subzero treatment of steels. 11. 
Effect of subzero treatment on the mechanical 
properties of high speed steels H. Susukida 
Tetsu to Hagane, 1959, 45, March, 336-338 
Data for SKH 2, 3, and 4 steels include the 
relationship between methods of heat treat 
ment and the temper and specific 
wear factors for various heat treatments 

The surface hardening of cast irons \\ 
Patterson and R. Dopp 1960, 47, 
March 10, 105-112) The main requirements 
for a routine application of surface hardening 


been achieved 





hardness, 


(Giessere 


of cast irons is the knowledge of the following 
factors: Structure, hardening temp., section 
size, required heat re. holding time, 
anomalous temp., effect of double heating, et« 


Microstructure has a marked effect on the rate 
at which any austenitic C content is 
attained. This is important as the degree of 


giver 


June 1960 





irface haradne Obtained dep 


ide of the earbor ontent in tl 








aolid solution it the tin f quenching 1 
_ Controlled atmosphere hardening and clean- 
ing of saw blades in new installation at Disston 
Division |). Singley (/nd. Heat., 1959, 26, Oct 





1977-1984 For produ hand i 

power tool equipment as saws, blades 
ard frames, quality has been improved and 
product itv increased by replacing a syster 


iain CONVEY furnace bY a ser 


match furnace, an SOO ft?/h con 











pher yenerator, at sutomati 
lewpoint signal controller and t apour 
d — \ motorized transter ir teed 
th r K.E.J 
Induction hardening —_— A. G. Gardn 
Ve World, 1959, 139, $70) -476) TI 
theory of induction hace is developed a 


n to hardening ts explained witl 

discussion of applications 

“Spaced inductive surface 
he , 


Sch r (Klektrou 





hardening kk 
1959, 17, Aug 


otal and selective surface 





289-295) ‘T hardenin 


techniques ire discussed, part llar relerence 
being made 
teeth 
Induction heating and controlled cooling 
— produces quality case on axle shafts 
F. W. D. Corp. (Ind. Heat., 1959 
2346 2248) A 50-kW Allis-Chalr 
heater with a Thy 


to the selective hardening of geal! 


’ 
ners inductior 
ratron grid type power 
led-temp. quencel 
an Operate with oil or water K.t 
Progress in induction heating |). H. L. 
Vet. Treating, 1959, 10, Nov. -Dee., 10-12, 14 
Phe history, theory, and applications of indu 
tion heating in the 


ontrol 1 used; a control 


block « 


laboratory and in ine 
are briefiv deseribed S.H.-S 





Induction hardening |). Filament Wee 
Const. Mécl 1959, 91, Dee., 913-916) In con 
tinuation of studies devoted to various 
hardening processes, heat transfer, relationshiy 
between electro-magnetic and ther ly I 
omena, and application of processes in practice 
are discussed S.H.-S 

Control of inductive processes It. Chri 


Elektrowdrme, 1959, 17, July, 254-260) The 
automation of induction heating 
reviewed, and several examples are 
prog feed rotary 
billets, and the temperature control 


processes i 
given, 
including 

preheating 


hardening 


ressive 





of indue strip tinning equipment. A new 
type of automatic kVA control on a large 
capacity induction melting furnace 1s de 
eribed 


Progress in the induction hardening of crank- 
shafts G. Seulen (AEG Prog., 1958, (4), 344 
351 The inductor and loop inductor 
methods of induction hardening ar 
and apparatus is shown 

A survey of induction heating K. L.. Moo: 
BEAMA J., 1959, 66, Nov., 138-143) General 
principles and uses are noted. 

induction hardener helps axiemaker elimin- 
ate warping, prune costs (Steel, 195, 145, 
Aug. 17, 100-101) In an automatic Westing 


focus 


deseribed 


house unit, axles are rotated horizontally 
while induction coils and quenching spray 
move along the axles at 1/10 to 1/4 in/se« 


Advantages claimed are increased 
and control of distortion A.G. 

The constitution of spark-treated metals 
H. J. Goldschmidt (Jron Steel, 1959, 32, Oct., 
469-471) The mechanism of spark hardening is 
discussed, and the and importance 
of high internal stresses is shown 

A case for nitriding steel. 1: 11 F. W. Schultz 
(Eng. Found., 1959, 25, Oct., 45-48; Nov., 37 
40, discussion, 40-44) The steels suit 
able for treatment and the effects are briefly 
considered. The Fe-N diagram is shown and 
mechanism Fatigue 
tests are quoted and various other factors are 
referred to. 

Investigating the behaviour of the nitrided 
layer on components and fittings at high 
temperature A. \. Katner and G. Leonova 
getika, 1960, (1), 59-63) Nitriding 
may be rec i for steels type 38Kh 
MYuA for shafts for steam equipment with a 
temp. not above 520-530° because at higher 
temp. the hardness is reduced and als 
the resistance Nitriding to strength 
en shafts of austenitic steel type El-405 ma 
be recommended for a temp. of 600°C, 





strength 


occurrence 


process, 


of hardening is discussed. 


( Teploener 
mmendec 


surtace 
to erosion. 








Effect of thermal 
carburization and fissuring of steels in a hydro- 
gen atmosphere at 500 600 under a pressure of 


treatment on the de- 


oe weer Yu I. Archakov, I. D. Gret 
a, and \ P. Teodor ich Lhur Prikl 
Khim., 1960, (1), 89 94) It has t I iblished 
that with ur wreasil tapping termy r 
40 Kh st and f t $75 (0-18°,¢ na 
05°.4 he Cr « t t tl arbi ha 
reduced and the rate of arburization falls 
It ha also beer I hat t « f 4} 
roscoy cracks increase. It was found that 
luring electrolytie di ition f these steels 
ew phase forms, the rigin of wh h needs 
rther estigatior 


G. W.B. pit furnace for heat- pep jet 
engine parts G.W.B. Furna 
Barfield Heat-Treat 1, 1959, 7, D 


2 ft ‘ft Sin. dia. furnace rated at 


, 8-9) A 
120 kW 
ducible for lower temp. ranges) is described 
‘Stress relieving a —_ reactor pressure vessel 
Me h. World, 1959, ae $49) The 
eatment of the Berl yeneber peeanan 
ssel with a 24 mW installation with radiant 
aters i reels, | 
Batch type furnace with side annealing 
chamber speeds controlled atmosphere heat 


treatments W. I. Bassett Co. (/nd. Heat., 1959, 
26, Nov., 2265) The furnace, built by Surface 
( bustion Corp., use a inietyv of ati f 
bright hardening, annealing, carburizing, and 
arbonitriding. The attached chamber cools ar 
S00 Ib load from 1550° to 600°F in ~5 1 


Continuous annealer increases tin plate pro- 


duction at hom Kaiser Steel Corp. (Ind 

Heat., 1960, 27, . , 92-93) The new plant 
prises pepe = Boe line, continuous annealer, 

emper nill, and eleetrolytic tinning 


Double heat treatment aie tough, wear- 
—s cast steel 9 wheel L.. Deb 


ly t., 1959, 26, 2483 2496) Deta 
ire piven of two aut { 
Be er aa Surface Combust 
vheels in cast 1-5° 4 tee] rT 
vh and wear re tant | a bl Lnneall 
at 1750 and 1450 1 vith a controlled 
t etwe furnace ' 


New vertien! mend quench iepunes Electr 


Resistance Furnace Brit. By ly 
154, 42, N 117-118) A pit-type I 
urizer witl losed quenching arrar ment 


I 


Studies of the quench-ageing of miid stools 
from various methods of production \l. Nac! 


1 W. Heller {reh. Eisenh., 1960 31, Jar 
9-46) Iron and mild steels produced } uN 
s t? i ado i t 
rea t TI i irt th t tour 
Vt la pir va 1 1 
1 ent of the a int of rl 
) 1. Ds t i . 
art nte t. t t ti ' ' ' t ’ 
hta i that are t i I} act 
r t diff > : { t 
OsO0 1! it ' t 1 i t 
legt { rit tl n. Th } 
forr T 1 \ - t 1 ! I 
Cold treatment tor better properties 1: s 
] , , Mar . 128 
0) Chilly hea ted t t 
120° F transf t j t 
t Commer { ratu t i 
re br und th f 
pplication of this proc outhined 1 


Metal ws, through cold treatment |. s 
. 1960, 11, Jan.-Feb., 


7 be itment of alle =t 1 hab 


The tempering characteristics of a commer- 


cial, high-silicon low- chromium ie steel 
S. Niedzwiedz and A. Taub (Met 
960, 11, Jar Feb.. 12-13, 4¢ n eal 
Pompe PSK, su ar to SAE 9260, 9261, ar 
1262 was alistenit ed na tempers 
ang if i S al the hard —_ on 
| 


Causes and prevention of surface fissures on 
hot-worked steel products. i11. On the enrich- 
ment of tramp elements on the surface layers of 
a by oxidation while heating I. Ohtake, 
K shizaki, and N. Eguchi (Nippon Kinzoku, 
O58, 98.1 , 640-644) Data are ¢ n for the 


Protective gases (:. Kivu j Lu, (44 
I) 1-178) I t t } 
ise t pro} wet " \ 
! i ritvedd, tt t j 
! t and tft 
The hardenabilty ot spheroidal graphite cast 
iron «J. Giitt pod nn: patentee 
hang t t } i 
ered duet i ta is tl 
Ost appr riat il t ard " t (ot 
ul ations of Ni, ¢ Mo, and M 
fin. th »O Ni and M 
th ive test Ml } \ | 
’ 1 i (yy 4 


14 rete ‘ 
On the possibility of raising the temperature 
of case- sr type 20 steel V G 


VUZ. Che 1a5e 
87-89) An inerease the 
1 it reatly } t 1 
t per i u at t i Tit 
art “a ir ! t t t } 
nt 1 te a“ 1 i r ! t ast t 
if mer a ra rn ' rn) th 
1 t tag \ ! tra t 
Pasa " eutra alt bat 
od the ‘heat- treatment of Hadfield steels 
’ int and A, Lore *S basa, 
i s tou RVG \r t t t ' t the { t 
1 il t ms of the ¢ and ¢ ' t 4 
i t i ! 
teri i res 1 ara 1 H 
t } vt ha XU m ha } 
t { i i if t is 
a tr} ‘ ‘ nit +} 
by Czech St ard § 
t | t t ai t } 
i “A 1 ta t ! 
t i i t it 1 
t it treat Ihe t st ‘ 
ariite t r ‘ 
sais gihcaaiboall 
Thermal treatment of low alloy iron used for 
rolls L. F. Molotkov and E. M, ¢ r 
¢t VOZ. Che J Wet., 1959, (7), 91-95 
ira | is miy 1 
' heatir | . I 
4 I us ' f SOO GOO 
1 of j f , 
ooo |2 r t 
tt zn th mad) \ 
t iz t } { 
12) 
Surface-hardening of all-black malleable 
Patterson, D. A nt nd R. Dopy 
¢ ‘ / / me | 144 
] | + 
g rt 
f : liagr 
ipl l found that } 
i i ? t i 
ria narar i i t ! 
t | WAI t sul fuent 
1 and har 1) t} 
a ur a arke t 
ntent wa ted 4] ref 


Study. on the continuous gas carburising 
furnace. IV. Effects of specimen size on the 
residual stress of a circular test ~— A.7 

nd ‘J Furumot nk 1959, 22. 


Sept., 457-461) Th 1x. str 


steel A. Tsutsui and hihara 


‘ =i 
ability of 


$62 -465 


ial of The Ir 





th C1 M 1 NiCr 
‘Automatic heat treatment hardens stainless 
knives ()r la Ltd 50, 149, 5 rT 


New heating method — epresnet hardening 
egg Ct I W504, 184, 


Hardness and ‘the Sulfinuz method Y. ae 
Wet I) 158 33, A 


00 H ot 650 670 


Fundamental study on cyaniding and carbo- 
nitriding. It1. On the outer-layer a 
thermal dilatation method | \ 

\ / ku, 1959, 22, Sept., 454 457) A 


X-Ray method of controlling the depth of 
decarburization of high speed steel | 
hf ; : . " \ ~ ] ) ‘ 1 } 


| / Lal asa 7 ; 


Large capacity controlied-atmosphere furn- 
aces of pit type used to nom- treat high- eengene- 


ture a parts | j 3 
H , 26, () 8 
; I I Iu 
_ ; SAT $54 HM +t 
1 ) 


Versatile car-bottom turnace used tor com- 


pletely automatic heat treating | over broad 
en garry —— Ind. Hi , 26, J 


Experiences with heating and annealing in a 


modern German strip mill \\. | / 
/ m4 ~ 7 fF 2 ted It ‘ 
r 
) ‘1 


and Steel Institute June 1960 
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Heating and cooling in continuous turnace 
closely controls anneaied structure tor machin- 
ing A. G. Sturrock (/nd. Heat., i959 26, Sept... 


1704-1706, 17 7LO, L712, IS458) | 


Heat “er the stainless steels. 7 5 
f 1959, 26, Aug., | | 


{ 


ASM 


sheet, strip, be ad wire 
On the size nanan ot globular comentite and 
hardness in various spheroidizing processes of 
bail- ~bearing steel I. Tasaka 
1959, 45, March, 347 349 
Study on high speed tools. x. XL isothermal 
transformation annealing of high speed steel 
S8KH 2 and SKH 9) H. Hotta (Tetsu t 
Hagane, 145%, 45, March, 334-335) Data fo: 
SKH 2 and SKH & steels include quenching 


transiormation 


Tetsu to Haqane, 


isothermal annealing, and 


stepped annealing curve E.J 

Annealing methods integrated for processing 
stainless steel strip at new Jones and Laughlin 
Plant (/nd. Heat., 1959, 26, Sept., 1694-1696, 
1698, 1700) A deseription of plant and equip 
Sendimir cold rolling 
and hot 


ment includi a 52 in 


mill and two mitinud annealing 


pickling lines 

Jet cooling speeds continuous annealing 
Wheeling Steel Cory Steel, 1959, 145, Sept 
21, 92) The installation described cools tir 
plate strip from 900 to 250°F by means of eight 
through a tower type unit om arr 
with jet cooling The Con ng gas used 
8% H, and 92°%N,. Ad f the process 
are li sted ; 

Guenshing of steels. 
quenching ©. A. Sict» 
from papers presented at National 
1958, at Cleveland, Ohio, 


Passer 
antages ¢ 


The how and why of 
rt (ANA Publication, 
gress, Oct 
review of the assur 
hardenahbility cal 
the approach from the heat flow concept are 
riven. Quenching a thermal process (|! 27 
Heat transfer concepts are applied in more 
detail and the nature and role of boundary 
conductance are developed Examples of 
worked out, quenching 
and the concept of cooling 
rate is examined, Measurement of boundary 
conductance described. Evaluation of 
quenching media G. H. Robinson and H. J., 
Gilliland (29-43) Hardening power and cooling 
power were assessed in several ways. The 
rrelated best with hardening 
hardness actually 
developed in rounds of 1046 steel. The effective 
with the type of steel. Surface 
ondition influences 


ption 


ulation 


ustomary in 
and an account of 


various shapes ar 


media are discussed, 


magnetic test ¢ 
power as measured by 
ness of oils varies 
quenching rate, an oxi 
lized surface quenching more rapidly. Agita 
tion has more et with low-cooling power 
oils than with mium’ oil, but mild agitation 
relatively great effect 
still oi}. Oil at 135°F cools rather better than 
ilat 78 F. Hot off quenching W. ©. Hiatt (45 
49) An account of marquenching practice at 
the International Harv 
are briefly discussed including distortion and 
Basis of selection of quench 

Lauderdale (61-66) Choice is 
hardenability of the steel, 
ensional tolerance, 
vailability 
are discussed 
and their effects are illustrated. ‘Plastic’ media 
and the radial spray methods are included 
Automatic quenching of steels ©. b 


discussed and typical 


has a compared with 


ester Co. Various factors 
oil regeneration 
media Kk. H 
based on the 
size, and symmetry, din 


section 


physical properties required, and a 


of media and equipment. These 


Cullen 
67-77 Automation 1s 
installations are shown diagrammatically and 
vented upon 

Sorbitisation of crane wheels at the Nizhne 
Tagil’ Combine N. A. Shehetkina, V. Ll. Pur 
gina, and A. E. Dorfman (Stal’, 1959, (12), 
1124-1125) A machine quen tank for 
sorbitizing the rims of crane wheels (for over 


comn 


with 


head travelling cranes) is described. The wheels 
were gas-heated to 840-860°C for 14-2 h and 


at 

appeared atter t 

On the deterioration ot quenching oils. V. On 
the deterioration of quenching oils by eae 
decomposition Mi. Tanaka (7+ 
1954, 45, March, 320-330 K 

Studies on quenching media. XIV. The 
influence of water contamination on the tite 
ability of oils Mi. Tayayva 

Vippon nzoku, 1958, 22, 


Differences 


etfect on hardening 
nm influencing Quenehir 
ing. XV. The effect of flow ate on the cooling 
ability of — 631-636) Studie 
nd three oils, in the turb 
ling abilit increase th 
with hi 


features in the 


lent ste 


but reaches an upper limit 
nis. Some desirable 


juenching 


tank 3 ire : [ves ‘i ib 
Production of metal for cold upsetting \ 
Smolyvaninov and G. Shushako 
195%, (12), 1136-1140) Methods of hes 
ing the drawn wire rod were compared. With 
the treatment indicated, 
normal Si content can be 
tion up to 90 < ) By quenching and 
termpering killed steel can be obtained with 
iniform structure and high ductilit 
The effect of intermediate tempering on the 
wear resistance of metal |). 1. Paracko f 
1 Chernaya Met., 1959, (5), 91-95 Paew 
phases may be distinguished in the formation 
f the focus of fatigue failure The tirst 
related to the strengthening of the weakest 
grains or blocks, the oftening 


at-tr 


old killed steel 


upset with a detorima 


second, un which 
occurs at the san 
related to the aceun 
their gement 


increase in local stresses to the leve 


time as strengthening, ts 


lation of vacancies and 


arran into colunins 


cohesion forces. The character 
ized by irreversible 
ing of the accumulated vacancies and the 
microcracks which then 
macro-cracks characteristic of 


third phase is 
processes, i.e. the combin 
formation of fatigue 
pass into the 
fatigue 

Study on heat-treatments of bearing steel. 11. 
Effect of carbide particle size, subzero and 
martemper-treatments upon hardness and com- 
pressive breaking strength of bearing steel \ 
Iwama (Tetsu to Hagane, 1959, 45, March, 334 
$41) K.B.d. 

Study on graphitic steel. Vi. Heat-treatment 
of graphitic steel of the Fe C Si system. II 

Sato and 8S. Toya (Nippon Kinzoku, 1959, 

22, Sept., 446 449) Work with several Fe—C-Si 
steels shows Ae increase in C and Si contents 
has little effect on the decomposition ternp. of 
retained austenite, increases the starting temp 
of the third stage of termperin 
graphitization ratio of tempered steel, and 
reduces the starting temp. otf 
luring tempering K.E.J 


gy, increases the 


graphitizatior 


FORGING, STAMPING, DRAWING 
AND PRESSING 


Plasticity and resistance to eT 
during forging A. Vach (//utn. Listy, 1959, 14, 
8), 66-70) The calculation and measurement 
f rolling and forging pressures, particularly 
appertaining to the hot working of steels, are 
discussed with reference to various formulae 
which have been proposed in the last few 
vears I 

New w heavy forge A. A. Bocheroyv and D. D 
Kargin (Vestnik Mashin, 1959, (5), 45) A des 
cription and photograph of a new forge with 
weight of hammer 26 t and of 
are iven. 

Heavy forgings in Poland L. Keln: 
1959, 26, (9), 366-368) The author rey 
teel industry in Poland and points out that 
production 1s 
supporting the 
1000-3000 metric t range 

Mode of operation and design of power forg- 
ing hammers F. Keilholz (Stah/ Eisen, 1959, 
79, Oct. 26, 1615-1624) The author 
power presses and power hammers with respect 


j \ 
anvil block 12 t 


H tnik, 
ie ws the 
forging mainly concerned in 


manufacture of presses in the 


compares 
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er hatamers 


madera torging- hammer toundations 
1960, 80, | i 


limit ing, t t img, ' t Tis 
Compressed-air driven torging hammers 


‘The use of Mn v pen tor ‘large forgings 
4 Fluty / sty, 1954, 14 3 is 


nt to 
ent ov another elt erat thie 
The use of hard alloy inserts i in ‘upectting dies 
Dudo Vestruik Mashin, 1959, (4), ¢ 
r Il sare a bed and the 
Herent types of steel! rt are tabulated 
The effect of overheating on forged and 
stamped parts for use in aviation \. Kodriguez 
ie la Pena (Teen. Met., 1959, = July—-Aug 
169-185) [In Spanisi suthor defines ov 
heating and burning discusses the essetr 
tial differences betwee em and. the 
sethods that are avail 
erheating A study 
heating on the mechar 
»-34°. C, 


O-OLG S, O-87 


eal propertic 


H-oo* th, O28 


is reported an 
juenched and tempered ions \ 
tion of the degree of overheat e give Ihe 
show the marked effect o1 etility and that 
neipient overheating oceurs at L275 ¢ P.S 

On the hot-cold working of medium carbon 
steel M. Ono (Tetsu Hagane, 1959, 45, 
March, 285 287) Data are given for the rela 
tionships between reduction at 400 , 500), and 
600 C and tempering temp., and mechanica 
properties K.E.J 

Large diameter tubes. Use of hydraulic 
presses for — and rectifying ©). Tedd 
Tron Steel, 1959, we Dec,, 578-579) Work at 
Chelvabinsk is reviewed 

Automation in the press shop (She¢ 
Ind., 1959, 36, July, 526 534, 536 
belt conveyors and the e¢ lt 
production in 
capacity were 


ersus lost 
inadequate 
stions on automation answer 
forum of the Midland 
Sheet Metal 


Various que 

i at i 
Branch of The I 
Knygineers 

Redesign of product triggers ag benefits 
Westinghouse EFleetric a Ste 195%, » 145, 
Oct. 5, 94-95) Modifieations in the design ot 
histribution 


liseussion 
nstitut yt 


the coils and cores of a trans 


former have made = automatse production 
possible. The transformer tanks are also made 
by an automated line and are tested by means 
of a fluore 
Hydraulic presses for the fabrication of 
electrically welded pressure tubes N. Jackle 
V DIZ, 1959, 101, Dec. 11, 1706) A short des 
‘ription of a process developed in 
forming straightening and expanding 
trically welded pressure tubes, using three 


scent spray A. 


Russia for 


hydraulic 
The rolling of rings and tyres and the layout 
of ring and — rolling mills K. H. Wet 
Stahl Eisen, 1959, 79, Dee. 24, 1912-1923 
Phe operations and prin tiples involved in the 
production of rings, for r ball bear 
ngs, and of tyres are reviewed and the 
machines for producing ther lescribed in 
letail. Im the discussion, the deformation 
gested by the author were dis 


presses 


instance I 


modes as sug 
vuted r.G 
On the rigidity of stamping presses bX. N. 

Lanskoi (Vestnik Mashin, 1959, (5), 50-53) It 


has been shown by various machine construc- 








Various paramete ents 
Defining the torms of b datermnation and calce- 
— the force in b stamping Ml. \ 
Semen is. b. Kurs ( 
Mc n, 1959, 4), 
div de rt tw 
caleulation 
Report on explosive forming. 3: Tube jorm- 
ing with and without Ges 1. Savit 
in., 1959, 103, Oct 30, 1736-1738 
fil trated 
On noise control in the 1.B.M. mene. 
room TI. Nakano, Nambu, and ¥ al 
Pa! Hy tes ao 
Is 21 \bsorpt \ ) 
Alt 


partie 


Cold working IV. Drawing Y. Ka 

Hagane, 1959, 45, Aug., 826-834 

iainly theoretical (68 ref K.F 

Definitions and mathematical relations of 
tube drawing processes \. fF. Mobrnheim (Wir 
1959, (44), Dee., 161-165) Simplified formula 
are stated or derived and methods of caiculat 
ing various parameters, such as tube length, 
diameter, wall thickness, number of passes, et« 
are illustrated by a number of examples 

Influence of the small arsenic content on the 
mechanical properties of sheets for deep draw- 
ing A. Kohn and J. Stremsdoerfer (Re Wét 
1959, 56, July, 101-102) A normal mild sté 
and one contaminyg 0-06 As were rolled imt« 
0-8 mm s ‘ts and normalized. Both 
siderable major anc inor heterogeneity but 
only under onditi hid 
the As-containing steel reve light n 
teriority A 

A new method of testing deep drawing 
Capacity and its application W. bngehardt 
(Mitteilungen der Forschungsqesellschaft Blech 
verarbeitung e. V., 1959, Nov. 1, 287-292) The 
underlying principles of de 

outlined, the 


tests are discussed and cor 


had cor 


severe ee lrawing 


p-drawing test 
main methods of carrying out 
ipared, and th 
»btained with a 
VEB 


machinen of Leipzig are re 


, Operation, and results « 
esting instrument dev ped by 
ottprutr 


Ageing of soap baths for lubricating phos- 
phated pipes A. Z. Grebenshchikova and A 
Kukarskikh (Stal’, 1959, (10), 932) It was 
found that after 5-10 days the bath ceased to 
found not to be 
mechanical but to be due to zine soap 
tion and this was prevented by rise 
by acid carried over by the pipes. Neutraliza 
tion to pH 8 raised bath life to 4-5 months 

Conditions for the appearance of pickling 
embrittlement in tube drawing K. Takase 
(Tetsu to Hagane, 1959, 45, March, 320-322) 

Electronics in making wire and wire products 
(Wire Ind., 1959, 26, Sept., 885, 901) Ele« 
tronic applications discussed includec 
tinuous diameter me ontrol 
and the batching of 


lubricate and the process was 
forma 
of acidity, 


asurement, ¢ 
assembly of wire — 3 
fine wire items } 

Design requirements of high epees take-up 
, yoo C. Greene (Wire Wire Prod., 1959, 
34, Feb., 195-196, 246) Probler 
the automatic 
dual take ups are considered A.G 

The high speed dual take-up I. Minardi 
(Wire Wire Prod., 1959, 34, Feb., 201, 240 
243) The major requirements of high speed 
dual take ups 
control, automatic 
and safety 

Some aspects ot dual take-up economics and 
design B. K. Bigland (Wire Wire Prod., 1959, 
34, Feb., 197-200, 242-243) Eeonomic grounds 
are given for producing two types of dual take 
up: a simple reliable machine and a fully 
automatic unit. Desig 
with both typ« 

Radioisotopes and strain gauges in wire- 
drawing research J. Kieszniewski, L. Kus, 
J. Siewierski, and R. Wusatowski ( Prace Inst 
Hutn., 1959, 11, (4), 215-227 The rate of 
drawing of wire is limited since too high a 
speed reduces quality. To obtain the 


ms involved in 


continuous reeling of wire on 


are discussed, namely: speed, 


ope ration, serviceability, 


m prob lems encountered 


sare discussed 4 


optimum 


The extrusion of steel ‘ 
Sejourne 060, 195, 
Chis issu 
Hydraulic ee] extrusion presses \\ 
rn ar Z. Met ” , iver 


r a control 

A method of eutetation die ‘holders tor 
extruding flat ingets P 

Vashin, 195%, 7 


mre 


ances To f 
approximately 

Roll-extrusion, a new metai- yy tech- 
nique A. W. Ernestus (Vet in. 1959, 
103, Nov. 13, 1841-1843 brie yu 
the process i rY 


non-ferr 


ROLLING MILL PRACTICE 


Historical development and present state of the 
theory of piercing in the manufacture of rolled 
seamless tubes 3. Potta (Hutn. Listy, 1959, 14, 

10), 844 848) The de nent 
and the theory 
i. A rational bas 

} ercing equipment is Abiitied 

Study of wall detormation during wy hot 
reducing of tubes \ I a Imog \ \.Z 


Gleib 5 (* Stal’ 


ed For 

vality of roll i a 
| all deform: 
ory, and tests 

made Carb 
ly sed. A grap 
was applie r pee good ag th measur 
“il values is shown 

Recent investigations on the aspeeiee “ 
elastic anisotropy I. Straumann, ( hile 
and H Aerni (Schweiz irch Wies * “a 
1959, 25, Aug., 279-285) The relationshiy 
the formation of rolle to the roll dia 
width of the stock, number of passes, and other 
factors is shown by means of s 


d texture 


-veral examples, 
and the connexion betwe xtur 
and changes in the « rf the yptir 

plastic properties « iH xd strip is pointed out 
It is shown how the most favourable elastic 


ariations 


obtained by suitable sele« 
and rolling mndition 


photomicr 


properties ean be 


ion of drawing Chis is 
illustrated by 
igures of patented 
narrow spring striy 

Rolling ce in the iron and steel plants 
of the U.S.A. P. Kozhevnikov (Stal’, 1959, 
12), 111) hem A report of a visit of a party 
of Soviet metallurgists 

Special features of the plastic deformation in 
transversal upsetting and transversal and 
helical rolling S. 1. Orlov and V. V. Shveikir 
Tzvest. VUZ. Chernaya Met., 1959, (5), 55-68 
A drawing out of the axial metal layers occurs 
in repeated transversal upsetting and helical 
rolling because of the large tensile 
perpendicular to the external 
forces. The 


wraphs and pole 
steel wire rolled int 


stresses 
compression 
effect is like a collar forming or 
when pulled. The expe 
described show that the deformation in re peat 
ed upsettings is similar to that in helical rolling 
mly for forgings with a progressive turning of 
the specimen through a small angle 

A contribution to the study of the deforma- 
tion of bimetallic rod in hot rolling K. Fishgold 
and I. Dragan (Studii Si Cercet. Met., 1959, (3), 


specimen riments here 
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al ar 


Resistance to deformation of carbon steels 
during high speed hot rolling Ya hamet 
1 \I \ Fai j | y, 


Li re 


‘Special features of the deformation of the 
metal in the rolling of sheets on the three-high 
— type Lauta mill N. A. Chelyshey (Chern 
Ve urq., 1959, (2), J x rim ' 
Carried out on the SoU 


strip, the 
I bet ween 
the rolls, and also th 
stand 
The determination we the rolling forces during 
cold rolling M. Wenzel (Stahl Eisen, 1959, 79, 
Dec. 10, IS7T2—1875 Mat i I 1@ author 


ompares, on ti DAsis « 


es in the 


ormulae 
lerived by various s and comment 


upon their limitations and a ura 


The measurement of roll pressures on an 
intermediate stage grooved- -rolis mill J. Sjlendi 
Hutnik, 1959, 9, 4}, 3506-310) 8 
devices were used to check the roll pressure or 
hot rolling 


llhvdrauli 


rectangula mi ¢ bars 
+5 in. final lengt! 
rhe results were 
than pressures 
Eekelund « 
Measurement of rolling load in the five 
tandem cold strip mills K. Nakajima eto t 
Haqane, 1959, 45, March, 283-285 h -. 
Development work in rolling dchasmes 
concrete reinforcement bar, No.6 V. K. Likho 
Stal’, 1959, (10), 920-923) Rolling in the 
rod mill u ng cast ror rol 
130 130 mm cut into 165 kg ler 
24 passe 
al threac 


r Celikoy 


the necessary section in 
d. The rod has a spir 


a special lathe. Tolerances o} 


tovatieien the building up of steel rolls 

G. Malinovskii and A. 8. Babii (Stal’, 1959, 
10), 937) Electrical building up with powder 
electrodes under a cerar fit was used 
Concerning the theory of prior tenn rolling 
A. N. Skorokhodoyv (Chern. Metallurg., 1959 
2), 61-71) A commentary on the articles which 
appeared in Jron and Steel, J. H. Mort, (10-11 
1954 M. Walter (2—3), 1955, and D. M 
Potter, (3), (11), (13), 1957 
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Standardizing rolling on the medium three- 
high sheet mill by the pressure on the rolis 
measured by dynamometer \. (:. Malinovsk 

id S. Kat Stal, 1959, (10), 937) A note 
fror hnaku 1 Ope 1or ’ been 

wrtened rh p itput 

increasing the strength of the working rolls 

on _ three-stand cold rolling continuous mill 

- tte Stal’, 1959, 10), 936 \ note 

Mag rorek Mhrough-hardened roll 
uperior t ned 

‘The modified Sims pa of calculation for 
hot roiling K. H. Weber (Neue Hiitte, 1959, 4, 
Dec., 738 740) A discussion of the modificatior 


the Sime ¢ 


»surtace arc 


t juations fo 1 calculation of 
olling power and torque fue » Cook { 
MeCrum (Calculation of lo id torque in flat 
BISRA, March 1958 

Contact compression and mean specific 
pressure during shrinking and rolling |. Ya 
Parnovskit and A. A. Pozdee Chern. Metal 
lurq., 1959, (2), 51-60) A mathematical stud 
f the that by using certain 
ntegral wssible to 
obtain with ifficier ace acy, funetions for 


lling, 


roblem showing 


equatior ) orb Is J 


the distribution of | u , ;(X) from any 
aw ot listribut ! ) ontact 
The sreapiets of rolling with large deforma- 
tions Z. Wusatowsk 1960, 27, (1), 
2-2 The article sists mainly of deseriy 
eral stems of hot rolling, witt 
deformation ndustrial scale. It 
vund that the mt economical defo 
vas OO Rol 


tangential 


utnirk 


eds and Cross-s 

data are also given. Apart fron 

erning Thiet Conon aspects 

dern mill corm mt article ‘Planetary 
Hot Mill by D. M. Potter (Jron and Steel). 

Mathematical aids to determine spread and 

reduction rates in rolling 1.. Moses (/ron Steel 

Rng... 1959 ™ es The ise of the 

preat or? i ‘ | Kekeland 


Ing spre 


Steel, 
ad and 
scribed, with 
bey Bethlehen 
me arc converters ba eemgs mill duties 
I>. Phillips 1959, 16, 
27-40) The antages offered by th 
reuryv are co ‘ » all types of mil 
t are aritved a number of examples 
Why is mill roll manutacture still . ‘custom’ 
business !). BP’. Sand! i fye, 1959, y 


et |, 80-82 


The bicoming mill and the continuous rong 
mill at the Bhilai Steel Works (/ron Stec/ 
9, 3, Den 1344) The bl ce 


yey cnony 


Finishing grooves tor rolling round steel bars 
t V/ , 1959, (9). 748 
Devt led tee} rs i t tor the 


‘Cold’ finishing school for steel: Bars leave 
oor wait polished, well rounded H. bo. Jacl 
) 17, N , 46-47 


The production of rails with a higher tensile 
Strength and durability KK. Radz. Hut 
fi 26, (12), 496 499 irae nae 


sfactorv results 
“Steel tor Alaska ‘Pioneers’ roll first rebars in 
Seattle: mill destined for Fairbanks H. |). Jac! 


t 
© sati 
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Seattie, destinesr | 

ant scrap iron i ‘ S.H 
Electrical controls in the steel! ani. , 
C. Christie and J. T. Jone English Elect A 
1959, 16, Sey t., 32-5]: Dee., ] \ review of 

applications, especially to hot reversing and 
mtinuous mills, rod and bar mills and 

auxiliarie The | 
tand cold 


tandem 1 


single 
ing 


scheme ISCUSS , am 
ple for the continual impro 
the eleetrical industry 

Iwo of these are: the re 


elements by 


place 
static devices, 
automatically programmed 
replace manually initiated comme G 

Electrical controls in the —- song ( 
Christie and J. T. Jones (E/ Rev., 1959, 165, 
Nov. 20, 681-685: Dec IL. S23-828 Rolli ng 
and finishing n specially Ward 
Leonard drive and « auxiliaries and 
ywns, are deseri bes the first part and 
problems of continuo ole ytlin im the 

cond 

The quality problem in the production of 
rolled steel for screws and rivets tor cold up- 
setting J. Haas (Hutnik, 1959, 3, 11), 444 
$49) The chemical compo ,and mechanical 
rties of ste s suite t ) Pts 
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ling millis 
A combined wire, light-section, strip and 
tube rolling mill (). Leder (Stahl Eiven, 1960, 
80, March 3, 297 299) A description ts 


of the lavout and equipment of the nev 


lisclussed 


olling mill at BREDA Siderurgica, near 
Mi ee Phe millhas a total of 23 stands, 
a ASS sequence neluding data on the ind 
tual stands and the dr S presented 


rey equipment for ewe stand temper 
mill (Elect. Eng.. 1959, 36, May 11, 42 44 
ie es for tor drive el k on Strip 
oi dia ter, and mipensation for 


ll acceleration are briefl " 


Electrical 7 for 3 an 18- -in. - stip and 


skelp mill drive I’. bb. Peck and W oun 
BTH Activities, 1959, 30, Sept oa. te 
204) An illustrated d me n of the equi 
ent of the mill at Ne astle NSW 


Strip tension control reduces breakage | 
1, 1959, 149, Sept. 7, 96) In the 


deseribed strip te 


Steel Cory Stee 


Vatem nsion in ar 


anneal 





ine ws regulated by remot i 
Hoating roll mounted on ap 
This method gives uck response and provides 
CONTINUOUS Te rai of tension 


The reciveutated fresh water oystens at the 
Newcastle skelp mill WoT. Longworth (BHD 
th. Bull 1959, 3, Sept., 24 ~Y) The eeonor 


al reeireulation of fresh water, with chemical 





The reatrtreer planetary mil: 
rolling theory RK. lovin: 1, 1959, 51, 
Oct., 441 461) After a short deseription of tl 


Principle and 









vsed and mathemat 

betw i slal i strip d la t. a 

tio ed I 1 rath ! torgu 
nal po Ih itl h tl th r\ 
in be used t ileulat | 
operath rt t 

Hi vibrations, striy ivat 3, mul 
repelling action, and mnoand tt 









juantitat eevaluatior 


4“ Using 
this theory mull designer rnd users Can Cari 
mt a thorough stud rnetar re neg 
technology 


Progress in tube —- re in Western 
Germany Z. Kore! k, 1959, 26, (11 


449-453) New autor rte r rolling mills 


are deseribed. Th rit tube n tl 0-10 
I and 105 529 mdi ter rang Iixtr 

f thin-walled high allo teels wit) 
presses of |O00t is mentioned. Cold draw ‘ 
nall dia. seamless tubes with ar utput 
LOOOOO t ner uY leserpbed Finally th 





author deseribe 1 rier eontinuous rolling 
production methods for t s of larg and 
all diameters with electrical resistance and 


nduction heating 


The consumption and economy of power in 
the production of tubes by the automatic and 








Pilger — S. L. Borisov (*Stal’ Rolliy 
ind Tube Man wture Supplement, 1958, 314 
B37) The methed ised to caleulate power 
requirements was to relate power used to the 
veight a th of tub produ { ver 
consumption Dein cal lated 1 
recording instruments operatin ! I t 
periods of time, results were obtained ft 
three works. Comparat measurements over 
a range of tube sizes and wall thi ’ 
reported and assessed for the automatic and 
Pilger processes; the reasons for the great 
power consumption in Pilger plants a i 
‘ussed, and methods of reducing consumpt 
are Suggested 


Argentina now makes its own seamless pipe 
and tubing (Esso O/lways, 1959, 10, (3), 20-21 


A brief illustrated account of Dalmine SAFTA 
Boost austenitic Strengths by new use for old 
process M. Fleischmann (/ lye, 1959, 184, 
Sept. LO, 181] 183 The caulk ition of roto 
rolling, pre viousl ised for the recluction 
tubes, to the hardening of austenitic steels 
reported. By a reduction in area of around 
25°, the process gives stainless steel round 
bars with strengths in excess of LOQOQQ0O0 ps 


ad sheet metal production at the Longwy 
plant J. P. Tannery (Ann. Mine 1959, Dee., 
760—768) An illustrated account with a tabk 
of Size 36 
Coefficient of friction and specific pressure in 
hot-rolling in a vacuum Ya. B. Gurevich and 


*s and thickne 


A. M. Zubko (Stal’, 1959, 10), 929-93] 
Absence of scale increases friction and great! 
ncreases resistance t leformation, | 

ditions were observed | ndenting tl heet 


Studies on the rolling load and rolling torque 
of a Pilger mill IX. Kato (Tetsu to Hagane, 1959 
45, March, 281 283) Data are given for rollir 


load tor inious diameters of HS mains, ti 
effect of thickness of the pipe wall on tl | 
' id. and the relation between rollir ad 


eanks vilar t for 121 pipe 
Analysis of bending moments in rolling mill 
repeaters KK. Golembiowski (Prace Inst. Hutn 
1959, 11, (4), 211 214) Rolling stands shoul 
i thins : 


repute 


} Ith their j f tur | 
ot LUIS tr es great tha the elast 
modulus of the rolled steel a niv then willth 
rmoinmir pena ? t 


The roll pass design for the work rolls of a 


750 500 mm continuous billet mill |. P 
Shula Stal’, asa, 11), 1004-1006 For 
quare and rectangular billets, a 1 lesior 
combi quare and rectatr tlar passe rm the 
first section and diamond and square 4 28eS3 11 
the mad (500 mm) grouy deseribed 


A method of comparative assessment of the 
efficiency of three- and four-roli sets in three- 
high stands MI. L.. Mirens! Stal’, 1959, (11), 


L006 L007 The eours f re eat or 








‘Increasing. roll lite by burnishing i. MM. 
Stal’, 1959, (12), TL1O) Axt rhals are 
hardened by th vork-harden ‘ t 

ntact th roll pr i f Tieo 












to the tl hardened laver 
“Effect of C, Si, and Mn on the hardness and 
strength ¥ ductile cast iron rolls H. Kur 


let rane, 1959, 45, Marc 27-229 
habe a re n for the etfeets of ¢ md S 
! Ml nad Mn ir For 1-0 1 M 
linear relationships al shown betwee ! 
33 and th Rens ogee ot S miternt | 
tor 6H { and 7 ; 


Effect of eauaties ratio on the quality ‘of 
rolled billets |. Kimura ( 7 ets H e, 1959, 
45, March, 200-292) Impact and 1 hanica 


ropert are given for var 1 n th 
billet and reduetion rati ip t O, fe SF6O0 
anal sS41 Hed and ‘ i lled steel 











Direct rolling of cast iron | 
tsu to H 050, 45, Mar 
nd K 


” Experience with the rolling of 
z- 310 sections » 
Mi in tal’, 15a 


Sones 
B \ 


Rolling of profiles with ee tolerances in 
Czechoslovakia \. Beran ar Blaha (H 
( } GO). 34 5 4 f prot 


arte 
The smelting plant of Cie, Forges et eaters 
de la Lowe at St. Etienne |. Lara 
t , 1959, 91, Nov ( 


eT lo F 
Automatic screwdown ‘gear control system 
for stands in $00 om and structural steel mills 
M. Bondarer 
a 12), 1095 1099 \ 


A stand tor side rolling of metals \ 


whidzhieshvil Stal Lana, 1] LON \ 


Controlling sheet billets on the 800 mill by 
weight, rolling into sheets on the two-high mill 
\.G. Maly : and AS. Bal \y 1a5a 

, 937) A note from Enal Phe st t} 


tel pied es mtii tt barllet 


increasing output of a rail and oom ~“ 
mill bb. \ ler \ 


bs Stal’, 1959, if joa 1094 \ 


leas for SHO) for: 


The significance of the latest technical pro- 
gress on reconstruction of the rolling mill of an 
integrated iron and steel works with special 
reference to the light- section mill — H 


Sed S Oo, BO, } 


4) After 


Rolling the rack section of a screw-jack 


} MI rasa ! ne bo 


New red mill steps up output with high-speed 
twist guides / lye, 1950, 184, i ! 
49 I I v Pan tt i rit 


? 


t : 1 na b ! i my 
Gontinuess wire- -rod rolling Lang at Rhein- 
hausen ©. Ernst I 79,0 
‘ 4t_ 167% IT} t ’ ‘ lelit 


ABSTRACTS 


‘ 10, bet +} } 
Sealing of wire rod |’ | Expanding of tubes 
I 


wu t SOO ONE 


Reducing welded tubesina three- roll stretch 
resuerng mill G. I 


14540 wih 1S \ ‘ 


a study on the ‘flat. rolling ‘of round wire 
\ I ‘ 
22, \ 
I Lamination susceptibility of boiler plates 
( l Inst. Hutn., 1959, 11, (3), 1538 
I 


{GOST 3040 41 
t ilps 


Translormation of stalatens steels in relation 
to working M. I: rd 
i i | ist 1 I t t ur escrit tMos, 
Modern seamless tube manufacture \ 
niri } he 15a, 80, 4 > I 
Working out the rolling of tubes on the auto- 
matic mill with one diameter mandrels and the 
free return of the tubes over veo mandrel by the 
forward — N. M. Kolj » 195%, t given) conait I 
»). 937) A fr t | i MI Influence of low contents of tin on the 
\ letachable anid being de 1 ean ga properties of cold relied sheets I 
niplete autor t ’ I 
Piercing in a cross rolling mill with three 1959, 56, Oct. 249 
driven rolls Pook t t ! 


\l , f | 4 1: agg 1102 


Improving the 
during pack 


surtace quality of 
roming I 
N 


nN 


sheets 


increasing the lite ot mandrels tor cold tube 
reducing milis 1. \ K N 


Further installations at Lackenby 
‘ ; 5, \ 


Hot stuff at Ebbw Vale | 
1 ; 5 


Hot strip mill plans underway ‘ 
', 184, t 


“4 


Experience in piercing ane elongating tubes 
in a three- roll mill S. ft 


Investigating tension in strips when rolling 
on the 1450 met I 

tenetiiontion of the automatic control system 

The prespests of using Pi sh ante for pipe of the thickness of strip by — of an electron 
cold rolling in Poland 7. | ‘wax awd 7 eg \ 
26, (10), 413-418) 7 thor | 7.4 ’ 


| \ 


j 


On the conten of N- 80 type on pom from Sendzimir- ame rolling mill stands tor the 
—— —_ R.S , cold- rolling of rg FW Hut 
, 14, HY oo I pr 9, 44 40 ant 


Hydraulic deseating in strip mills | 


June 1960 
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Development and current state of the Krieg- 
lach Works of the Osterreichisch-Alpine 
Montangeselischatt \. |» s (Berg ter 
mann. Monat 1959, 104, © 


ent 
Works experience with modern designs of 
thickness gauge in the cold-rolling mill i 
Hinkfoth Venue Hutte, 1959, 4, Aug., 478-484 
} oO ned with three types ¢ of thicknes 
and tabulated. No single 
but the 


ompared 
in overall advantage 
working onthe pneun 

th 

its robust con 
Cold rolling research and theoretical methods 
of determining roll pressurein the cold rolling of 
strip P.O. Strandel! (Jernkont, Ann., 1959, — 


11), 725-7 critical review of the develop 


atie pring 


truetior 


eore . latio ling 
cold strip rollir ire discussed (64 refs 
Genelderations | on the method of obtaining 
cold rolled strip of good surface quality and 
amar ec ag characteristics |.. Daneilli and L 
10 r / 1959, §1, April, 145-153 
the heavy reductior 
Ned strip and 
peratures for obtaimung 
eal haracteristi 
s extended to norn 
t. For ne 
rties are 


rmal sheets 
obtained 
compared wit 
steels. Reduce 
not be 
cause seve 
ation. The bes 
od cold-formir 


Torsional vibrations in drives of Pilger mills 


Cermak (Hutn. Listy, 1959, 14, (10), 864 
\ detailed anal is 18 made of the nature 
of the brations, 

ires in Pilger 


lesign, in which the 


which are a maiz 
mills. Prineiples of 
vibrations are 
to a minimum and/or made apertodi 
issed PF 
Electronic scale records accurate weights of 
-beame Iron Age, 1959, 184, 


2 500 It 


ug. 8, 82-83 

im we ight are 

y means of four load cell 

eading and a printed 

id to be both robust 
only routine mau 

ena}; 

Methods and equipment for measuring the 
thickness and width of hot and cold rolled strip 
G. Munch (*Stahl Hisen, 1959, 79, Oct. 29, 
1615) A comp illustrated re- 
t ating pment tor measuring the 

of hot and cold rolled 

and by contact, mag 
ind optical methods. The 
lds of application and the accuracy 


1601 rehensive, 


»btainable are discussed r.G 

The elastic-plastic bending of round bars and 
its application to straightening in three-roll 
straightening machines ©. Pawelski and W 
Lueg (Stahl Eisen, 1959, 79, Dec. 10, 1852 
1862 The eaatnien involved in the 
of round bars by elastic-plastic 


straightening 
bending is analvsed mathematically, the bend 


The new institute for the working of metals 
at the Technische reer ed Aachen 
iv 79, 1, Ese 


1860) Histor i Ge i ju 


MACHINERY AND SERVICES FOR 
IRON AND STEEL PLANT 

Application of meer. material 
crane raiis K. |) / 
Eng., 1959, 36, 


under 


“Rail ‘lame provides greater satety ~t cranes 
and ore bridges F. Hoagly (B/ 
Plant, 1959, 47, Tune, 613, 650 
held by spring I ' 
rail, and seve 
installed on nev 
satisfactory when : 
to 100 mph winds 

Study on welded iron and steel works crane 
bridges of the box-girder type: a contribution to 
the calculation of thin-walled box-girders ‘) 
Schindler (Stahl Eisen, 1959, 79, Dec. 24, 1924 
1932) The author compares the various ty pe 
of crane desig common i 
cal ulation 
moments £ 
measuremen ( ie ou on 
Impact 


f the box girders and cranes u 


erane are reportes 
bh ehay our ¢ 
porating them are discussed r.G 

Stress distribution as the basis for the correct 
design in crane construction W. Kloth (7 
Eisen, 1960, 80, ket 4, 159-164) Stre 
v with the aid of brittle 


trai 


lacquers 

re ised to detern 
stress fields and stre distr 
parts of ¢ nes wi particular emphasis 


ss raisers and the like 


auyes Is 


Hution instru 


ay lance re 
Evaluation of the coeetion conditions of 
steelworks cranes and an assessment of their 
ratings ©. Svenson and W. Schweer (Stahl 
Eisen, 1960, 80, Jan. 21, 79-90) The autho 
carried ¢ asu nts on box-tvpe 
yirders witt et f checking the 
caleulat 1on ‘ e Sig! 


on crane nh ac | se. The to 


was based, and 
nd that the 
present day 1 

high safety Tat 


box tvpe girder 

Santectaieg the main see sania 7 of metal- 
lurgical cranes (:. M. Nikolaevski est 
Vashir 1959, ; BF } t t 


1qdVance that 
standardize 
types of cr 
cation so as 
constructions né 
The trend of crane “contrel, for industrial 
cranes (;. V. Sadler (Mech. Handling, 1959, 46, 
July, 395-398 
How hydraulic systems benefit from simple 
maintenance (Jron Age, 1959, 184, July 23, 63 
65) The advantages v detection and 
remedyvin of faults in hydraulic syste are 
stressed. Methods of such fault detection are 
“d togethe 
Avoid somentio breakdowns with improved 
filtering WW. Kaster n Age, 1959, 184, 
Sept. 17, L1O—-111) Source f contamination tu 
hydraulic systems are mentioned and 
a description is given of al two-micron 
tilter composed of phenolic resin dises. A.G. 
What’s new in material handling (Stee!, 1959, 
144, June 1, 92-95) Recent trends in handling 


equipment are reviewed, the accent being or 


f the earl 


describe with recommended action. 


briefly 


a speci 
] 


Journal of The Iron and Steel Institute June 1960 


ro st a“ Tle le 

Annual reviews: Materials handling. 
Conveyors A. \ VIZ, 1960, 102, J 
11, 69-72). Uf. Cranes H. br §-75) | 


The use of magnets for a cg handling 

I. Hoeft ng, 46, 
‘Transport of sheet material ry! vacuum lifters 
and . er" F. Fr t tal 59, 79, 


Is 


“Electrical ae ‘of lifting machi ny 
B 1,s 
Speed regulation of AC hoisting 
winches J. 1). Dufroy (19-22), Atematon in 
the field of materials handling Y. | 
Indexed coaeagess 28-30 
Cypak s leseribed ‘The ce 
of continuous materials handling machinery 
R. Jaequot (31-38 Monorails and overhead 
travelling cranes J. Vuil! 19-50). Fork 
lift trucks: characteristics, cheice of model and 
potential uses Mi. Sablicre (51 54). Travelling 
Cranes: general features, classification, tech- 
nical characteristics, safety devices and uses 
B. Deboude Adjustable storage units 
and connecting bridges J. Char; 67 68 
a and handling machinery i in steelworks. I. 


Parratt« 69-78 Ra a ast 


Part ‘9 ’ 1S 


5-66 


| I nt 

handli with illustrat 

tail f la it and 1 

ire then issed, Harbour cranes M Flinois 

9 Weighing and materials handling 

Descriptions of some recent achieve- 
ments (#7 108 

_ -point plan for better material os 

jan, W. A. Zarbis, ar J 
i959, 183, 


former plat 


chanist 


85 O68 


May *® 105-108) I 


new tran 


) ticient saleable 
Statistical evaluation of failures of electrical 
equipment in iron and steel works for reducing 
breakdowns K. Hi 
1959, 79, Sept. 3, 1273-1280) The auth 


reviews the kinds and manner of failures of the 


Lopitzseh (Stahl Eiser 


uipment 
el works, ¢ 
tatistics 


PAKCOV 


certain 

necessary 

failure \ 
ithe presentation of the pa 
An example of the use of power r reserves “ a 
metallurgical works |.. \. Kalash: 
1959, (11), 1045-1047) Use at an 
} heat of exhaust gases, 


water reduced 1 


OH pe »« 
waste t n 

1 
by a fac 


production 
pment of the waste 
lescribed and further 
oreshadowed 

Changes which occurred in the generation of 
electric power and blast in the top-gas power 
station of an iron works equipped with a 14-MW 
gas turbine A. Weyel, G. Ritbel, and H. Bonner 
*Stahl Eisen, 1959, 79, Oct 1471-1478 
The considerations which led to the installa 
tion of a gas turbine for the generation of elec 
tric power and blast in the Klé« 


levelo 
tems is 


‘ 


kner Works 
Construction and ers 
few items 


Haspe, are discussed 


tion of the gas turbine on site and a 
if described \r.G 


tea running in are 





Experience in the use of two gas- ~turbine 
plants in Belgian iron and steel works |. .\ 
I 79, Oct , 4 $83 


nt 


en, LYoY 


Development and design of gas-turbine 
plants on the basis of thermodynamical theory 
and the performance limits imposed by the 
present State of or a. J 

I 2%, 


Station for the purification of the return 
water system at the “Stankolit! Works G. D 
P I , 1959, (6), rt eturn 


LUBRICATION 


Study of rolling oil Kk 
1956, 4, Dec., 1 ubrice 


lubric 


ated at 


“How to ot more for yon lubrication dollar 

] ye, 1959, 184, 20, 126-140) The 
ects treated are I ge tr 

the role of 

of the app! 


clean, 


programme 


Stability of position of equilibrium of a journ- 
. on an oil film M V. Korovehinskii (* Akad 
SSS kh Inat. Mashin edeniya irer 
whinakh—Sbornik X1, 1956, 264 


s of the theory Stodola am 


atior 


ments and inulatio: 
> mathematical velopment ¢ 
mn of the 
inder whieh 
ippr 
values from the 


new Ximate 

near appro 

ed are defined. Methods of 

ary param 
Lubrication of the hot deformation of metals 
Jaoul and J. Séjournet (MWét. Corr. Ind., 
9, 34, June, 221-235 f 


’roblems of lubrica 
inder pre 


eters are indicated 


ssure are examiner eoretically 
ivantages of lubricatic y glasses are 
iscussed, and an exat ation of 


lubrication is gi 


WELDING AND FLAME CUTTING 


Improving the welding technology and the 
thermal ne of carbon steel wires G. P 
Sakhatskii and R. M. Shirokovskii (Avtor 

varka, "1959, 2), 76-86) Tests have 
methods of welding have no 
ontact resistanct 
strict conditions 
duration 


shown 
chat various 
special advantages over 

welding carried out under 
Among these would be the 
of the operation 


minimum 
The subsequent thermal treat 


ATO 


t t 
‘ 


Welding of steel of great thickness without 
chamiering the edges for hydrotechnical 
equipment \. | ) 


Surtacing brass on to ferrous metals unes a 
gaseous aux G. A.A i 
’ iN = \ 


Effect of the flux on the properties of the 
welded joints of high strength steels \. \ 
Lyuba B. N sa t 4 i ¢ 


gti rT t LO 

Weiding joints for pipes of 1 KhisneT and 
saggy steels | A. Or 

“ » a WY, b), 35 $$ te t ti i 
shes ng are 
explanatio 

Butt welding in a carbon dioxide atmosphere 
of sneeay pipes of low carbon steel \. | 
Akulov, \ ind A AK r} 

1959, ' 

butts of rotating es andt 

it the use 
effected sir 
separated by th 
ana 
smelded tre the actior 

f CO,. Th method ha 

Selecting the most suitable "welding process 
ter sulpher cast iron B. G 
P , 1959, , 4-40) A 
of the av e welding 
list of the compos ) f the 


Spitsyn, 


ultanes 


the fused meta 


riven 


followed by a cla 

lamages of ti 

able processes ior ea 
Build-up of parts by alumino-thermic fusion, 

‘Fusalurgy’ 1. PACT, 1959, 

Oct., 402-403) The process ] tr 

example of joining two 

raat rt wel 
epaired in 


of regatior 


Lew- -alloy silicon manganese steels used for 
structural weldments A. Ya. Brodskii 
Svarka, 1959, (5), 45-54) Type 15 
medadtul ( content nd a ¢ 


a 


nh case 


(rascuel . 


lable 


this way 


, 
mm steel wit! 
entration ts 
h r the 


ipproa lowest limits set by 


58 57 an be considers 


GOST 


weidable, but with a minimum ¢ 
t has good weldability The 
within the GOST 
no great tuture 
Automatic welding of components made of 
1KHISNST steel for short time service at ele- 
vated temperatures I). Yu. Yuganson (Art 
195%, 1), 3-57 The high-Si Mr 
flux . S484 in @ mechanical mixture of 
5-10 of Al and iron alloy elements car 
ised for the of this steer 


5058-57 standards will have 


for welding 


Svarka, 


automatic welding 
Pi and Cr oce 
the weld pool. If 5-10°,Al ow 
silicon flux AN-26 the oxidation of Ti is con 
pletely eliminated. Increasing the silicon and 
Mn content in the 
mechanical mixture 


The oxidation of irs howeve 


s added to the 


weld metal and using the 
of the 348A flux with 


ABSTRACTS 


Automatic welding of petroleum plant made 
of two layers of steel sheet I 


Special features of butt welding low-carbon 
steel strips subjected to subsequent rolling 
} 


Electrode holder BEZ 250, tor welding with 
out burns 5. i I 


Problems related to the home production of 
fluxes and wires for submerged arc welding and 
surtacing WwW 

957, 9, 82 84) A 


} j +} 
the Vi 

Exporionce with the sondeatinn of flux in 
large ome furnaces (;. |) 


R30 i} 


isothermal and low-temperature We of 
hardenable steels J. | I I 


Automatic welding with unshielded arc of 
chromium. nickel austenite- stable steels B. I 
M ! r N ‘ nd I , 


Methods a welding chromium molybdenum 
tests P. de Marneft dure, 1958, 14, 
73) The w nate Pres 


austr 
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automatic welding of 30KhGSA steel hese 
carbon dioxide gas N. 1. Kakhovski 
ishape welds, ar Svarka, 1959, (5), 22-27) A Cr-Mn 
electrode S\ 1a} mit , 
| opers 


Most 


On the welding of Ni W V and Ni V types Welding with the electric arc rotating in a 
of rotor steels J. Skriniar (Zrar. Shornik, 1959, magnetic field N. Ya. Kocha: 
3), 379 419 n Slove The technolog Per treatment of electro- ~slag —_: J el Feder, and S. M. Katler 
] i weldin turbine nie 1459, 8, 10), 304-3080 Cec ‘ , eleetrie arc 
onditions, and 4 at treatments ar lise vente ba ‘ Hneinntins hich the 
it treatments, the authors K perience nd current Soviet ¢ ie] ms method r 
practice P.3 


The flash butt ‘welding of grey cast iron | Special feature of butt welding by fusing 
Hutter and H “rng a es rea h 46, heat-resistant austenitic steels I). 8. Slepak and 
1001-1007) It is shown that the di . h Gelman tour P 1959, (5), 2 
nige pre Ct shee nrepers The mechanical properties of good 


, and mints of boiler tubes, of heat-re tant 


mhoatni 
oe th wet ya ur tic steels, not heat treated, are simile 0 € irrent 
sary welt Onn} corresponding properties of the be metal Condenser butt welding of 1Kh18N9 steel 
bingy os of tool steel J. 4 vle (1 sh ,ong-term strength of these joi é of small cross sections , M. Shashi nd 
1 ' lar to that of the base metal 1 pro N. Yu. Pal’chuk t. Py , 1959, 
uv t lucing ] rie 
» a O-O4 se 
| haiti OF the I we anical properties the 
‘Seam welding of butts with cover plates of and base metal change uniformly. The i 
low-carbon steel S. K. Sloizberg, B. M. Nel cal composition of the joint depends on the 
and kk. M. Mihkatlova (Avto Svarka., condition of w clding alain YRS 
we) 3 née sancdecagype He pBrorsaan Special features of the inoculation of welded = welding can only b 
“- ; - aii wot mips joints of medium alloy steels with titanium in i=3-15M, 8 $ om vith 
oe oo — aaa a welding K. K. Khrenov, | centri d careful preparation of the « 
int clam he vere or as done on the 
Arc oe pe) colin Poznvak, Yu Yuzvenko, and M.S. Samo Plasma heating in welding processes K 
1 SHP ‘ ed ith a PISH—-100 trvasov , r., 1959, (6), 6 the Vasil’ Tse t Py 
. : elding conditions ar velding of edi alloy steel r di 1959, 9). 5 ; 
ated - ication l 
Manual electro-siag welding ‘ ikaves aainheruse 
Zvara 1959, 8 ), 364 370) n t roperties, mav be earried 
trained, reliable, e inoculating agent in the yx 
Same time prevent overheating 
int should contain 0-008 0-018 
also be introduced throug 
ade bv the a — . 
“The sn ayo aman secre slag aang perties 18 OF N cee. eaeaae The arc plasma stream as a source of heat in 
\ ost rive mug bot Re 
. . tegen pen welding for derveus metal sheets the treatment of materials |. |). Kulacin and 
\ ‘ ] 


t Da | al Teotnouer f of Pave the 
- Sap : Mian .. M. Kogos, B \. Ryss, A. 8. Gelman, and Svar. Py » 1959, (9), 1-4 


ith , 


Kabanoy Pre , 1959, (7), 3 ; ee ere materials are anorined by the 
machines for welding s 1) , % ' ure al ail : 
» Incorpor AT INE 
: id | carried out at di 
‘ hav: ave stunk ea — 10000 
On the problem of the slestresing welding of Rrcesngglies + th cont sighing _ Loo 
cast iron \ \. Ster a ~e wer ts ' jour i t ~6 000 S000 
; : . iba ! thick “ i 


a welding a 7.7 rolled steel A 


Slepak, Lashchi 


if? t 
Some features ‘of the processes in the gas- 
art phase of ay under ceramic flux |). M 
Working out a new technology for the 2M K ishners , 1959, (8), 8-11) Th 
electro-slag welding of boiler casings AK mac eee ‘ , ! f 
ith a large contact surtace 


— aley steel \. M. Ma a, 
.G arov, and Pistol for holding ue a at weld- 
ing spots A. S. Cher! 1959, 


ibl 


‘Spot welding of deel without | Soe 
— ch omg ragga ¥. 5 M 


' t al pr nt but ale ‘= TOO 
Electrosiag welding with separated edges tl miiptugl ’ tute a new method “The repair by welding of haematite iron 
I. Rat h (Aet Srark 1958, (11 velding h een works it in wh nadd castings | in iren and steel works ©. ©. Elst 
ne 1959, 11 c., 480 


1959 Ss), 


Ie 
der 


a 4000 6000 
~ 1LOOOOD « 

W ig j 
iat under 


Adapting the spot welding machine for weld- 
Electro- ane welding of the blast turnace ing | — of high opens steel to cutting tools 


a 1 ! 1959, - 29 ussed 
1) ed which can be I eld s carried out wit e MTP Experience with cold —— . cast iron 
tect ft , ra . al ye al cross-he : tw ( t aM xD Rvabinkw wand oS ful 


i eratio 


thi 


vith eurrent of 380 >) \ 


" Glectre- -slag welding of low- ~alloy type M steel 


Ostr S ka, 1959, oo 


\ : 
$0) Apr sof tr g weldir f type Highly posh weld seams produced by the 
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er 600000 roubl: : 
_ The use of welding poe the repair of structures 
R THIN 12, 


ter Schure " 


Problems relating to materials and welding 
in the construction of core reactors W. ¢ 
j , hie | , 1959, \‘ 
arti 


ark 


Vertical nydrentic 10000 ton press recen- 
ditioned by wie K hear 


145 


‘Repairs o on 200 ton shears | 


1454, 


Shears had tx 
the time the paper was writte 

Influence of the surface effect on heating 
steel bars during contact butt welding \. | 
Pugin (Lit. Pr 1959, (7), 48 47) A thee 
retical study of tl nfluence the 
effect on heat 


section 


distributior 
and the chang nm the 
ance of medium alloy 
welding. Cur 
relaxation; initial 
unit volume, heat capacity 
relatior of the « fhieient 
increase to the surface of the heated bars 
The use of ultrasonics in —, G 
Nikolaev and N \. Olshansk estnih 
Mashin 1959, (4), 51-55 An apparatus for 
welding is deseribe which operates on the 
gg principle ignetostriction trans 
ormer fed by a high ae ney current from a 
generator of audiotrequency transforms the 
electric current into longitudinal mee 
vibrations. The 


hanical 
transformer ts immersed in a 
special tank Of water The frequency « the 
electrical oscillations of the wave 

‘omneide with the natural freque 

ensures tts Operation by 
production of mechanical 
amplitude corresponding 
This apparatus may also | 
non-metallie 


Vibrations 


substances. Its 
residual deformation and str 
ments. 

Welding with fully coated electrodes 
Hrbal (Zvdranie, 1959, 8, (11), 344-347 
Slovak] Welding with fully coated electrodes 
is shown to be economical from the point of 
view of electrode consumption, but at present 
the quality of welds is not high. Further work 
on the 
In the lectrodes is now 
in progress in Czechoslovakia P.} 


New austenitic electrodes for welding 
1Kh13N18V2B type steels A. V. Russivan and 
M. Kh. Shorshoroy “a » 1959, 

> ‘leetrodes o \ 

15 have been de 
latter type for the 
25-55 mm walls 
for other layers 

‘ etal to cracks 
xcluding boron and b 

0-14-0-18 ar 


evaluation and possible improvements 


use and quality of such ¢ 


2 1RO} 


Cored electrodes for shielded CO, welding 
| ) x . J 


ma 


Fiuxes for welding structural steels | 
Z 


Some experiences gained by customer service 
ong ESAB — S. E. Es / 


Weldability | tests on austenitic or Ni steels 
and electrodes J. Nenu j nie, 1959, 


11), 321-328 


4 ’ power I ‘ t Oop 
On the weldability of 5°.,Cr steels containing 
molybdenum or tungsten V. Pilous (Hutn 
Listy, 1959, 14, (10), 895-898) The weldab 
mtaining ¢£ ana 
and | 


parater 


solated and ¢ 
W had abo 
heated state 
Mo; impact and J 
proximately equal Hh » a 
nfluence of W was obser 


aacribed to ¢ 


avourabl 
this was ffects arising 
stabilitv in the 

utic transformation induced | 

The effect of titanium additions on the 
weldability of 17°.Cr steel M. VV: 
Zvarar 1959, 8, (10), 299-301 n 
Studies of the effect of Ti additions 
i that considerable 
ments in the weldability of tl 


of austenite 


veldalbility, showe 
from amounts of Ti equal i 
times the carbo! 
0-5°..Ti max PLE 

Selection of the metal and electrodes for 
weldments for service at low WIN 
[. N. Gerasimenk tvtom. Svarka., 1959, 
40-52 With the aid of graphs plo 
different steels showing the variation 
impact strength as a function of ten 

fron 190 to 10 the respect 
can be selected without difficulty 

Properties of welded joints of 10K HGN steel 
M.N. Kraichik (Svar. Proizr., 1959, (6), 16-19 
The welded jou made 


| deformation prope 


automatically ha 


2 rties, high inpact 
strength right up to the critical brittle t 

70°C), and are resistant to erystallizati 
cracks. Fatigue strength is also satisfactory 
Electrodes of type UONI-13/55 are recor 
mended for this steel 


Investigation of butt welding of carbon and 
attey =e wires A. T. Galaktionov and A. A 
an 1 te Svarka, 1959, (7), 21-26) T 
sonalioy of the weld of a 6 mm diameter w 


during drawing, exerts a large influence on the 
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ABSTRACTS 


Control and correction of the amount of ferrite 
in the weld and base — of jointsin ——— 
steels \. bb. K 8 N.N 


~ his « } 


Investigation of low carbon steel welding 
under carbon dioxide and magnetic flux \ 
Maz R. P. Bur and K. K. K 


Strength of steel “during the austenite trans- 
formation in welding N. N. I 
/ 


The dvenath of contact spot-welded hatch 
covers of open “og trucks A. A. Kazir 
yO. Olf te I’ 4 4 
1) 


{ 100 t truch 
presents of spot welds of 30KhGSA, 12G12A 

and E1659 steels completed with electro-thermal 

Wweateont G. A. Mask and B. B. Zo 


1959, (8), 21-26 


60, US, at 


at 
tr 
stru 


» that @ shary 
iter uch 
the relatively sn 


t 15 


treatm 


Experience in preventing crack-formation in 
corner joints of low-alloy steel (:. V. Nazaro 
Svar Proiz 1959, , 36-37 It has beer 
stablished that the 


normal auto 


sual Vv 4 

lavestigation of the weldability of heat 

resistant steels with 12°. chromium \. Kk! 

Shorshor >. Ss ae , V. N. Zemzin, ar 
Smirt , 145%, 


the the 


arse stru 
with harder 


Investigating the arc welding of the vowel 
resistant austenitic E1572 steel \. A. Tor 


June 1960 





ABSTRACTS 


At 600 
r-term strength o he wel netal, stat 
fat 810°, } L100 000 h 
The effect of the ferritic phase on the proper- 
ties of the weld and base metals at the joints of 
austenitic chromium nickel steels A. bk). Runo 


K ibe var Pr 195Y, 


Lovo 
“Investigating the properties of type M steels 
70 160 mm thick and some questions regarding 
their meow A S 


, 1a oo, 


\. Odatr 


suitable 
r resistances 
t overheating 
The effect of ledeburite eutectic in the welded 
seam zone on the mechanical properties of 
blanks of R 18 and 45 steels 15. L.. Aleksandr 
1 y 1. rk 


Inst., 1959, 


allization cracks and te 


tigation f ) ‘ I » het we 
eburit ter esent the weld 2 
the torsic noment was not measured 
The scientific investigations carried out by 
the ‘Welding Chair’ of the Bauman Moscow 
Higher Technical School G. A. Nikolaev (Svar 
Pr , 1959, (9), 23-26) A short 
‘ f the investigation 
nstitute among 


review 18 


18 in progress at this 


hich are, residual strains and 
velding; new physical 
matic are welding; con- 
ng; quality control of 
ut technological pro 
rical strength 
talsin welding 
The effect of the ferritic phase on the resist- 
ance of austenitic welds to hot crack formation 
M. Kh. Shore S.Sedykh, N.V.Zemzin, 
Proi 1960, 
if linear deforma 


~ i { ire hnoe 

33, 7 e critical rate 
tion, ¢ he index of resistance to hot cracl 
of austenitic-ferritic weld metal 
2Mo) is dependent on the quantity 
g of the ferritic phase, increasing in 
Oto 4-5 from 
urther increase in the 
joes not change the 
19Cr 


3 continuously 


ontent 


ormation. For 
lex rise 
min for ferrite con 

t » 10-16 M.T 
The quality of oxy-acetylene joints with par- 
ticular reference to pipes W. J. Kaufmar 
stechnik, 1960, 26, , 4-13) This article 
al extensive tudy of the mechanical 
properties of weld its ade in C and Mn 
steel pipes by e Oxy-a viene method using 
juahty wire elec odes. Mechanical tests 
cted on the " y e results that were 
better than those 
le with electric or agron are weldit 


other worl 


tents 


arable with or 


paper also contains a survey of 
subject conducted 
and the Ne 


istratior at 


n Seltantend. 
therlands. Numerous 
graphs and ilh pear in the text and 
enythy discuss neludes the article 
Mechanical prepertios of welding joints - 
10G28D\MK) steel \ Shishkin, 


on the same 


Great Britain, 


Journal of The Iron and Steel Institute 


L459, 
i and me © used for i sport 
sand for 
static but also for 


has less tendency to stress concen 


ant struct er railways, and 


ot 


spans 


ibrating loads, 


ian other steels. 
Properties of austenitic joints of metal type 
eo at elevated ee ¥. A 
op ar. Proizv., 1959, (1 
of this type of 


ents al 


trations t! 


etal ha Pi € 
ilts in long ter 


LOU 00U 


d good res 
and 1 
1Or service ¢ 
eratures i ” norter service 
velded Dil 
10 h has the fo “ , prope 


rs 


SOOO hh 


‘toventiantien of the heat-resistance of 
austenite-ferritic welded- -on ane type Kh19 
\ N. Ze t Pivrik, and 

1959, (3), 19 
with ¢ 


whkin ’ ” wha 
we 


j 
onte 


renerating machines 


operating 
}Oo000 h The greatest 


tance s obtained | auste 


resi 


weld metal after the 


nitizing 
yperation 

TRe influence of the rate of cooling on the 
structure of the weld metal type 3 Kh2V8 I). N 
Morozovskava and G I Parfessa leton 
Svarka, 1959, (2), 39-48) Type 3 Kh2V8 steel 

metal has some alual propertic 
by its microstructure after welding 

is conditioned by the startir 
mperature of the base metal. At tempera- 


ires below 200° a martensite { 


s structure 


t structure Tims 
brittleness. Above 
700° a pearlite structure forms with reduced 
obtained 
g of the base metal to 
300-600" with an angular troostite 


lerable red- 


with great hardness and 


hardne The best pr yperties are 
with a preliminary heatir 
between 
martensite 
hardness and strength 

Study of the carbon distribution in the zone 
adjoining the seam and in the weld metal Kk. \ 
Lyubavskii and M. A. Studnits (Svar. Proizv., 
1959, (4), 7-12) A macroscopic investi 


ot the processes of tnigra 


igf 


structure witt CONSE 


gation 
of carbon in the 
welded joints in austenitic steel and examina 
tion of an experimental steel by 
graphy 

between 


autoradio- 
that in the boundary zone 
base metal in the 
riginal redistribution takes 
place, but a stabilization of the weld at 800 
for 20 h brings appreciable redistribu 
tion of ca diffusion from the 
base metal into the weld metal. The intensity 
of the diffusion from steels is deter 
ned chiefly by the difference in the chemical 
composition between the base metal and the 
weld metal due to the arbide-forming 
elements 
Intracrystalline liquation of phosphorus in 
electrosiag welding joints on carbon steels 
Yu. A. Sterenbogen, L. A. Poznyak, and G. I. 
tvtom. Svarka, 1959, (2), 20-27) The 
phosphorus and sulphur 
eCul incide. P is unevenly distributed in 
ferritic corresponding to the original 
crystals. This non-uniformity of distribution 
may be eliminated by high temperature heat 
ing followed by rapid cooling. The 
line phosphorus liquation 
arbon content in the 
ditions of 
welding pool 
The influence of the chemical composition of 
austenitic weld metal type 25 20 on the 
o transformation B. |. Medovar and 
Yu. B. Malevskii Proizv., 1959, (4), 12 
16) These weld appreciably 
because of the yo transformation due to long 
heating between 650-875 This tendency is 
due to the chemical composition. Mn (up to 
+ does not increase the degree of transforma 
tion: M, W, and also Cu increase it 
in the Cr content by 2-4 to 20-21% in the 
presence of Ni (15-25 inereé resist- 
ince to coarsening at high temperatures. An 
content from 0-10 to 


has shown 
weld 
condition no 


metal and 


about 
rbon because of 


rustenitie 


Parfessa 
parts where liquations 


Zones 


intracrvstal 
depends on. the 
seams and on the con- 


erystallization of the metal in the 


Spar 


metals coarsen 


A decrease 


uses the 


increase in the earbon 
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0-20 plete 
formation. Nitrogen al 
transformation because 


portion of the Cr into nitrides, 


Investigating hydrogen distribution in weld- 
ing joints of medium alloy steels “2 ~~ 
and ferritic seams A. M. Makar: 


eam 
seams. 
Instrument for measuring —— —— eR 
deformation K. K. Khrenoy il Zhdar 
wr. Pr ’ ; 


, 1959, 


\. J ints 

I does not exceed 0-06 

Summary of the work of the Scientific and 
technical section for welding of the Machine 
Construction Industry in 1958 (;. A. Mas! 
Svar. P , 1959 t), 43-44 A short 1 
of the activities of the 1 ber 
plant the it ts 
rm stigations h a Li n carried out 

Regarding the nature of crystallization 
cracks in the welding of austenitic steels and 
alloys B. 1. Medovar (Avtom. S , 1959, 


8), 57-66) From a consideration of the 


at the 


us Systematic investigations at home 
abroad a theory is suggested for the hot f 

f austenitic weld seams. It consi 
ervstallization cracks to be the result \ 
factors, a metallurgical and a stress factor. On 
the basis of this theory many investigat 
are re liewed 

The causes and mechanism of hot cracks in 
welded seams with a single-phase austenitic 
structure B. A. Movchan (Avtom. Svarka, 1959, 
6), 49-65) In welded seams of sinule 
tic structure, 


austeni hot cracks orig 


solid phase below the crystallizatior 
Polyg principa 
pre iting the formation of int 
microcrac ks As the columnar 
selective penetration of low my 
the crack occurs resulting in its increa 
macro-defect. The avoidance of red 
polvgonization and the 
jurmnar structure preve 


mization is one of the 


crystals 


refinement 
nts the ade 
»f microcracks 
Damage and susceptibility to notching of the 
welded joints in high pressure steam mains 
D. N. Vidman and R. I Mazel } 
energetika, 1959, (10), te 
welded joints in steam mi 
sure has a brittle character 
plastic deformation. The first f 
appear at places of stress concentration 
i lhe cracks appear along the lit 
leposited metal. Decarbur 
) Many cases near the 
hig empering of the mains 273 
f 15 KHM steel after 
tendency to notching 
Problems of cracking related to the welding 
of austenitic chromium nickel steels J. Sebille 
Rev. Soudure, 1958, 14, (2), 91-118) The 
causes and types of hot tearing of welds aré 
discussed Spe ial e 


velding reduce 


mphasis is placed or 
gma phase, grain s 
Cold strength 


a criterion for strength 


ture, composition, 8 
welding conditions 
taken as 
temperature Sl refs 

Contribution tothe study of cold- shuts in arc- 
welded areas J. |aivier (he ‘ 1958, 
14, | 2), 119 122) Fatigue tests carried out or 
samy les welded by different arc met! is 
Fatigue 
due mainly to pitting or 
failure was caused by a fold.— R.1 

The influence of hydrogen on the formation 
of cold cracks in the welding of medium alloy 


summarized failures are stated 


inholes. In one case 





The influence of edesiatures on the ote 
ment of hot oa in weld metal I 
Pridantsev a \ taf’ 


1959 3 18 


Preventing slag inclusions in the annular 
welding joint during automatic — welding ot 
rs A. Ipoe 195 

Che 0) 1 us pipe 


rite I 
500 amp and the 
{ d that slag ‘ " 
‘A new general purpose bronze brazing alloy 
¢ can., 1 %, 1 pt., 
100 P um 
14 ronze are sed. Iti own that 
1 I ¢ ! form of draw: 
wire f “ iin t nnique 
Sesutene with ‘exygee- -flux cutting of 
Stainless steels in _heiler construction Ss. I 
Smuirt Nra pP , 195! t 
ver abe itt se 
the quality of the 
ust be cl 
isually done with low-allov steels e 
ture of the adjoini rion t i 
ese acetylene in steel cutting M 
F 4 


1950 


ease 
the flar 

eases with a reductior 
yptimum ratio ¢ 

irit t al it nm the haracte 
changes and becomes oxydizing Ar 
nagnetic control alve has heen 
ened for such ¢ 


supplies, and this is deseribed, witl 


ontingenci which eoutrols 


the gas 


llagrams 


Witregen- arc cutting of Stainless steels I 


1 Pr , 1959, 


Shapiro 
ure cuttir 
ure dischs 


0 mm rhe possib 


gy of stainless steels a 


g effective for thi 
ilitv of using 
ore than | O, for itti 
This method is cheaper thar 
tther methods used at present 

Application and economics of automatic 
flame-cutting machines K. Schindler (Schweis 
1959, 11, 874-375) The 
felad f useful apy at t tlame utting 
nachines for shiy vards and engineering 
are discussed and the 3 
offered analysed T.G 

The influence of mechanical and flame cut- 
ting on the weldability of 0:11-0:16°..C plain 
structural steels J. Lombardini (Zvar. Shorr 
1956, 5, (1), 129-142) [In Slovak} Microg 
and X-ray examinations of welded joints 
showed that, in 
utting, flame eutting had no 


influence on the w 


has been shown 


sen Schneiden, 


work 


raph 
comparison with mechanica 
detrimental! 
ldabilitv, as the metal 
lurgical effects associated with flame cutting 
are removed by annealing through the heat 
generated by the torcl P.F. 
cnet cutting of ——— steels |. 

Ro 


nginskii (Artom. Svarka, 1948, (11), 52 


influence of the flux composition on the 
physical and chemical properties of the slag in 
the oxygen flux cutting of stainless steels (). s! 


S) 0) 
t}), « , 


! pera 
‘The eguleeues ‘conditions for ne oy cutting 
of steel \ 


MACHINING AND MACHINABILITY 

Metal cutting research ohationge and strategy 
tor the future I: Me 1959, 
13, Oct., 217 


Research on the causes of ——- 
ee in steots oO. W 


mn tactors 

"Machining costs and their influence o on metal 

cutting practice i. ©. Shaw (.V/ tecnic, 1959 
13, June, 103-112 rious contri! ) 


r ar considered and analy 


letermi 


rat e examples 


Technical workshop information 1959 


NO, Re , 1960 


suring punch fe < -~ . 

Investigating the , eategr 38 deformation of 
cutting tools |: V.R Vestnik. Mashin., 
1959, (4), 74) The results of experiment 
=} vy that ie lengthening of the cutting 
lepends on the conditio 
— of the g 
re made as to suitable tals for th t 
On external friction | on machining ductile 
metals L. F. Kamskov (Vestnik Mashin., 1959, 
»), 54-61) The investigation has shown that in 
the contact zone papi chips, which the author 
terms the zone of elastic contact, the ratio of 
the tangential force to the 
than in the 


effect 


of the operatior 
! n tool. Sor ryesti 


irpose 


normal is higher 
lastic contact: the 
of the kinetic f friction 1s greater 
than the force of deformation. It folle 
the construction < i é ment cutting tool 
| ag ane aula’ ditions 

rection vnuld be 


zone oft relat € 


»ws that 


which the kinetic 


ata mi mum 
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ABSTRACTS 


Study of leaded tree-cutting steel IX. On the 
dispersion one solution of lead in molten steel 
! s) b Hi » tov 45, I 

40) +. 1 
Study of leaded free-cutting steels. X. Effect 
of heat treatment and distributed lead content 
on mag nay ee of leaded steels \ 

1954 45, Mi 


s ( +a pS ty 
contri bution to enperienental investigation of 
chip formation and novei resulting theoretical 
and practical considerations |. | 
59, 13, Ju ’ 


i 


Rapid machining by turning and milling with 
hard metal tools | 
, 101, Sey Lis 


On the behaviour of ceramic cutting tools 
when apples in cutting cast iron J. L. | 
1959 13, Ju 


‘investigation of the hard Dany, # for —— 
Stainless steel \. |. | 


50 1¢ } T} t at 


“Grinding mill rolls on a lathe 
1959, 22, Se; f , 


Probiems of indian on universal grinders 
W. Bus ann (Maschinenwelt Elek., 1959, 
14, 

t 


CLEANING AND PICKLING 
weg of wire by shot blasting 1 
Vire , .3 


a 


‘Contanens caeaiion, ‘cleaning a —S 
of rod kk. | 
34, 


Warner (Wire W 
6 


L000 } 
ilties i lu . . 
Continuous patenting, cleaning and coating 
of rod |). K. White (4 Wir 1., 1959, 34, 


Tan.. 64—-70 


Recent experience with shot blast cleaning of 
rod K. J. Sorace (Wire Wire Prod., 1959, 34, 
Jan., 61-63) Th use of echa 1 cle Ling 
ha yy en a product suitable for bolt 1 ikKing 
Cleaning rat« r f the order of 150 ft/mir 

Modern continuous finishing system for 
increasing greduston a Ind. He 
1959. 26, July, 1399-1402 
tinishing system, handling p 


mall « etrica 


verhead cor 
4 ft r h 
_ Surtace treatment 


lescribe 


June 1960 





ABSTRACTS 


; W \, it Pari 
The removal of rust and scale trom steam 
generators |). Seyb (Brennstoff-Warme-Kraft, 
1960, 12, Ja ; ew « x pe 
’ ri A tr 


ethylene 
antage 
i hazards 
tho i 
Removal of corrosion fiims from different 
— M. A. Tolsta S. V. Bogatyvreva, 
: iraduso Zavods, Lab., 1959, 
hown hoy 


The evolution and analysis of an acid bath for 
the chemical brightening of stainless V2A steel: 
1. Studies for the formulation of a brightening 
bath (). Schmid and H. Steinhausen (Metall 
} Hache, 1960, 14, Jan., 1-6) A bath for the 

| brightening of stainless V2A_ steel 

eloped or e ba HCLHNO., H,O 
CH,COOH. At a bath temperature o 
pti } nur is obtained after 
of the bath ts 


the brightenir 


H.PO, 


65-6 


et ! be t ternary diagrams 
Some physical, chomieal and (uhncheateal 
properties of electrolytes for the electro- 
chemical aa of steel (:. P. Maitak and 
Ir ova (Zhurn. Prikl. Khim., 1959, 

The service hfe of th 

vith inhibitor for 

el appre 

phos hate 


i. S 


ciably 
ilphate 
sity, viscosit ana 
freshly prepared 

practically the 
, CrO, electrolyt 
during service: the 
at first to 


iduct t 


1 ack Visco Vy inerease 
erward i © electrical cor 
I ncereaase 
‘Pickling —_ ‘and pickling F. Margival 
I 1958, 34, Sept., 401-444 
Vario mechanical and ¢ pickling 
compared 
and cleaning 
» protection, Com 
I 


iemical 
with 


etho are idered and 


greasing 


ling solutions are 

nstallations are 

eaned are ust on sub 

ttea t eatments, followed by 

sing d dry 

Effect ‘of lnereneed iron sulphate levels in 

sulphuric acid pickles on the technological 

properties of pickled steel — C. Eisenhuth 

and M. Martin (Stahl Eisen, 1959, 79, Dee. 10, 

1862-1867) High iron sulphate levels in the 

pickle reduce the technological properties of 
the wires, mainly bending and twisting 

Higt sulphate content leads to 

rmation and, in turn, to local-cell fo 

quently pi n It is emphasized 

ing OF should be adjusted 

In view of law 

ssential to emplo 


values 

ludge 

rmatior 
] 


2 se ion exchange for 
pickle, or to convert t« 
the advantages of thes 


stressed I 


PROTECTIVE COATINGS 


Changes of concentration in electroplating 
baths A. von Krusenstjerr V etallober flache, 
1959, 13, Dee., 391-393 ixperiments to 
examine the se eve m of constituents of the 
electrol el u, Ni, d Ag 
described and discussed 

ented of combined finishing wastes 

.G, Wit rer (Met. Fin., 1959, 57, Nov., 60 

scribed, based on ion 
handling toxie 
metal 


plating baths are 


wastes 


and finishing 


it the Brist 
theon Co \I 
equipment and its operation are 
How planning factors cut ‘waste treatment 
costs ©. Civan (Jron Age, 1959, 184, Sep 
124-126 ors considered ess 


lectr 


staff 


Plating drums for mass-production electro- 
plating H. von Uslar (Wire, 1959, June, 62. 64 
Exampl of mo I pe ot platir hi and 
ale i 

improved chromium plate 

» July, 113-114) A ‘duplex 


veloped for car 


copper-brig 

part 
Nickel plating in ' fluoride borate a 
I. Lainer and I. Panchenke 


Vashin., 1959, >), 


Ho 6s Lhe patti 
prepared tror } 


Ht dH,BO 


smnall amounts 1 


tratior 
the temperature, I ing the 


of the nickel salts, of the bori« 


tion at the 
of the 


anode and the qualit 


deposit Vil optimum cor 


litions are recormme 100 g/l Ni(BF 4), 
15 g/l NiCl,, 6 HO; 10 g/l H,BO,; a pH of 8 
ind a temperature of 50°. Current de 
to 20 A/dm? giving an anode and « 
of about LOO 

Chemically-deposited nickel alloy provides 
heat-treatable coating Albright and ilsor 
Manfe Ltd Vetalu Prodn., 1959, 103, 
Oct. 30, 1747-1751 An illustrated ac« nt of 
the Kanigen process. Properties and 


nded: SU 


nsity uy 


athode vield 


noted 
Large gas-radiant-fired kettie improves gal- 
vanizing of steel —— products it. | 
Buckholdt (Jnd. Heat 1959, 26, Sept., 1722, 
1724, 1726, 1728, 1831) The article 
new method incorporated in the desig 


deseribes 
new galvanizing furnace in operation at the 
Buffalo Steel Corpn., N.Y 
Semi-killed steels for tinned and bom 9 
sheet J. Teind! and B. Otta (Hutn sty, 1959, 
14, (10), 886-894) Exte ents 
the works scale d semi-killed steels to be 
superior in the f tinned or gal 
vanized sheet for food preserve tins to rimming 
steels. Porosity nd other properties 
were improved values could be 
maintained at the same level rimming 
steel by the addition of Si in amounts leading 
to no more than 0-1°,Si in the finished sheet 
The hot-dip galvanizing of tubes \. Hanke! 
(Metalloberflache, 1959, 13, Nov., 354-356) A 
general description is given of the 
and galvanizing process, the subsequent treat 
ment of the tubes, and their « 
propertie s 
The question of the hot-dip qnivenising of 
wires W. Pingel (Metalloberflache, 1959, 13, 
Nov., 351-354 rhe influence of surface con 
dition of the stee structure of the Zn 
is deseribed. The importance of manu 
facturing conditions before galvanizing in the 
case of high-¢ igh tensile wire is emphasized 
Fatigue bend tests on plain and gals 
wire rope showed th latter to be more 
factory for use in damp shafts. Slight improv: 
ment in is obtained 
‘Galvannealing’ 
structure 
can occur. 
The influence of prestresses (residual 
stresses) on the behaviour of rimmed Thomas 
steel on hot-dip galvanizing H. Wiegand and 
F. Nieth (Metalloberfluche, 1959, 13, Nov., 346 
350) The behaviour of smooth and notched test 
pieces of hot-dip galvanized rimmed Thoma 
steel under static tensile 
The elastic behaviour 
of the Fe—Z1 


Tonawanda, 


sive expert 
showe 
manufacture 


was less a 
Erichsen 


as tor 


preparation 


orrosion-resisting 


l on the 


layer 


anized 
satis 


corrosion resistance 


but less 
ibrittler 


surface 


Zn layer 


satistactory 


and er ent of the 


stress was examined 
brittling action 
alloy lavers were determined. Ir 


and et! 
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The thickness of the zinc deposit and the 
corrosion behaviour wl hot- ~dip galvanizing 
parts Kh. Haarmam f che, 1959. 


Nov., 2-345 


oat of paint 
etilv t hot-dip g 
“Right methods aid forming of precoated Steel 
tubing Armco Steel Corp. (Steel, 1959, ' 


ept 1, 84 th appropri 


T. C. & I. teeds tin and black plate mech- 
anically (Jron Steel ky 1959, 


154) Operatior 
. : 


' slitter 
and tin pots 
” feenen for pens cast iron for hot- a4 
tinning KR. Kuhn (Giesserei, 1959, 46, 
$78 480) The ere ” th kK 
sait bath pr 
Corp., Detre 
articles to be tinne 
graphite from the Example 
r pipe tittu ind plain bearings ar 
New method tor Lr Ret. tinning of iron 
J 1G58, 33, 


itis d ‘ 
dare treated 
surtac 


hwaites ’ Ind., 

Aug., 335-342 = ,uthor 
three main method 

flux method, oxidation 
urftace, and the 
yrrior to tinning R.t 

Increased production through ov 
tinning line modernization |). A. Jente: 
Steel Eng., 1959, 36, Oct., 145-151 
f the modernizati m of th No 
at the Irving We 


s Steel Corp., | 


pares the 


ted State \ 
reased from 700 to 950 ft/uuu 


existing eleetrics ient and fitt 


quipm 


anew drive and ce hal - 

The influence of setiing pono on the 
quality of tinned sheet J. Kolotik (// 

1959, 9, (10), 341-346) It is shown that. cold 
olled sheet 


is more suitable and economica 


than hot-rolled sheet for the production of tin 
for snning P.F 
Fundamental studies on structure and proper- 
ties of aluminized coatings carried out in Japan 
D. Horstmann (Stahl Eisen, 1959, 79, Dec. 10, 
1869-1872) This is an authoritative review ot 
earried out by Saga and his co-workers in 
structure and properties t 
oatings, the effect of steel ymi- 
KNeSS ¢ heet to be treatec 
e, cold working of the sheet, batt 
t — rature, silicon contents, corrosion be- 


aviour, 


 Metallization ra Spraying with Stainless steels 


deiers Fins Spéc., 1955, 33, Dee., 55-57 he 
metallization is 
recent advances in low-temp. spra 


pointed out. Some 


history of sulnmarized 
steels are 
ni RI 
“Reclamation by — 
Ballard ( Lastechniek, 1959, 
In English) The author 
best methods of preparing an¢ 


Spraying =; 4 
25, Novi, 289-296 
detail th 
i spraying wor 
of journals, shafts, ete 
them to useful service. He 
reference to work of this 
out by 
countries. The 

touched upon an 


deseribes in 


surfaces such as those 
in order tu restore 
also makes ample 
nature that has 
gators in other 
ceramic surfaces is also 
paper concludes 
in Dutch F.R.H 

Conversion coatings 
Spencer Vet. Fin., 


been carried 


with an extensive discussio1 


phosphate films 1. | 
1959, 57, Dec., 64-67 
mechanism of coating 


gz characteristics, ana 


fopies considered are: 
coati 


formation and 





phe sp yhate coatings as a paint ase, 
sion resistance, and to reduce 
Properties and eeueture of phosphate coat- 
ings V. Cupr. (.Metalloberflache, 1960, , 14, J 
17-18) The author reports on stu 
composition, crystal structure, 
occurring in the pho ate 
drying at elevated ter 
changes which are 
Theory of the ap Pena aap process in 
gr baths W. Ja e and B. Lorenz 
(Werks. Korr., 1959, 10, 51-767 
relat enaisies between co 


surface laver forn 


seen st 


a result of worku 


itior 
zine phosphate solutio 
retically and ¢ 
the ratio of H, « 

be calculated if al 
ontrolled, and he 


xperir 


‘ ce t ervstal 1 ei 
ti d rapidly, and Zn an PO, equilibriur 
remains in adjustment »tother 
I 


etal surface 
rec tical appli tions « e theory ar ind 
cated. 

Surface protection of cross-country steel 
pipes by asphalting 7. Halas (Hutn. Listy, 1959, 
14, (10), 875-879) Methods of , 


ualit of protectiy coatin an 
mmsidered ! 

Row protective coatings for hot galvanized 
steel .!. | H an Eijnsberger Vetalen, 1959, 
14, Dec. 31, 392 396) TI rs 


attention SIN artic 


are 


Metal- giedle. combination material 


Eng., 1959, 36, Oct., 158-160 


“eerenet production line for coated steel 
sheets being installed at Armco Plant (/ nd 
Heat., 1959 . 26, Sept., 1758) A brief 
fa 565 ft ng production line 

itv of the 


at 500 Tt 


deseriptior 


National Steel starts operation of plastic 
coating line for strip Ienamelstrip Corp. Jro 
Steel Eng., 1959, 36, Nov., 159) The techr 

ft appheation and pre 


briefly of the lecorat 


perties are 
ibrasior 
plastic coating applied to ng coils o 
by a subsidiary of National Steel 
Phe coated steel is named ‘Miracoil 
A a a — eT ane H. J 
Were ’rod., 1959, 34, b., 202-204) The 


strip 


piihorite ot wire speed is considers 
to capstan design. A co-ordinated drive systen 
g adjustable DC voltaye is advocated in 


which the extruder is the master section and 


din relation 
utilizin 
the capstan a slave unit ALG 

Enamel frits now sprayed eee A 
J. Bauer Vetaluw. Prodn 1960, 104, Feb. 3, 
206) Finishing of washing machines is briefly 
deseribed, 

Some remarks on the quality of steel and 
cast-iron used for enamelling J.T eind! (//utnik, 
1959, o. (9), 202-296) The chemical con posi 
tions of the allo larly 


vs are discussed, partic 


enamelling irons and steels containing 
amounts of Ti. The 
enamelling with Ti-bearing enar 
sidered with reference to experiments 
Czechoslovak ‘Behanit’ steels. The forms 
of ‘fish-seale’ and other defects is consic ed 
The liquid enamelling of cast iron It. Piva 
and P. Debouté (Fonderie, 1959, Oct., 463 
468) The principles g 
their results 


small 
productior econon 


Is are 


overning ename lin g tests, 
(with and without annealing) and 
the influence of moulding are 
the results summarized S.H.-Ss 
Nature of adherence of porcelain enamels yg 
metals BB. W. King, H. P. Tr ripp, and W, 
Duckworth (./. Ceram. Soc., 1959, a 


deseribed and 


Joner. 


kiffeect ot prac 
hness are alse ealt with 
‘Continuous line ‘procaine wide eg ner 
Strip (Steel, 1959, 145, Aug. 24, 88 90) ¢ 
strip O01 mh wit? ant I rited bye 


cat 


Metallic lead priaing paints for marine usage 
H Newnhat echn., WWE ', 6, 1 
360-368) Che f primi " nts for d I 
arts of the ship's structur 

Extra durability of paint | on low- -alloy = 
H.R. Copson and ¢ I 


1959, (242), ec., 68 


“Pigments tor rast “protection paints x 


460, 14, J 


The behaviour of chrome yellow and natural- 
gas carbon black in the corrosion deg ers of 
iron | ‘ Braniste, D. P 


1U58, 


Simple instrument for measuring the thick- 


ness of ferromagnetic layers on steel Kk. |’ 
Azarov, torbater ind V.N. Krol 


86) The 


CLAD SHEET AND HARD FACING 


Diffusion metal coatings of steel from gaseous 
media by heating with high frequency current 
V. Grdu t rorde “4 
Vl ern Vet., 59, (7), 98 


The 
factor of a fe 
Arc welding process for hard-facing with 
_ alloys, components exposed to abrasion 
VI ochnoe P 10590 >), 
> Deoral insk Works, many con 
s the lugs on crushing machine 
ere - are ! aw 
stalinite. The « 
ped that the additior 
ve the proper contour 
made by fusing the stalinite 
lectrode so that the 
of Cr, Mn, Si, and ¢ 
Experience with diffusion —atreseeseaas | D. Ya 
Speranskit and G N 
Vashin., 1959, (7), 71-73 S caamase of aie 
deseribed which ensures ea 
entration on the surtace of 
om 3 to 6 and of N a concentration 
ut ten times that of the original steel. The 
N here fo tride phase [Cr,(CN 
which is very thin 5-7 py) but very stron 
1500 kg/mn 
Surface utes of steel castings . 
(Slévarenstvi, 1959, 7, (10), 401-404) 
which provides a cheap and rapid 


at of 


with 


facing laver 


Dubinis extnil 


chromiding is 


70-00 , of 


rms the carboni 


£ 


Rous 
Surtace 

1 
alloving, 


method of surface quality improvement, was 
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ABSTRACTS 


Protective chromium plating of inside and 
outside tube surfaces by ee G. Bee 
, 1960, 15, Jar | 


Automatic welding on a layer of chilled cast 
iron by means of a cast iron electrode —_ 
G. B. Ksendz 
»S) Tron tay 


r, 195%, 


“Ward utility alloys for weld-surtacing of 
Ughtonting surfaces of an pressure arenanres 


kK hl (Zrdranie, IS 8 06) TI 


Concerning the “assessment of strength and 
resistance to wear of ear ee ga steel 
coatings Yu. I). P ! 


1454, 7), 65-67 | rone ] ing coati 


lipping, ¢ 
abrasive admixture 

Enperionse of hard-facing steel mill rolls at 
the Nazhne-Tagil iron and steel combine 
(NTMK) T. N. Bazil h and N. I. St 


Stal’, 1959, (72), LIOB-LL1O) A 


Linings 


grade 
hardne probe re 
Reconditioning crane ¢ pulleys by a as 
kin, \ M b k t 


19 0, 


sory 
pering maith hanna tthe 
Effect of welding techalgue. on the wear 

properties of hard facings Kk. W: r al 
H. Uetz (Schwe sen Schneiden, 1959, 11, I 
$558 ‘ La VA ALLO’ “ur 1 
als, 8 ered hard metal 

or hard tacings 

and the 


presel 


POWDER METALLURGY 


New uses for powder metallurgy (ei 

yreas, 1959, 75, June, 97-99) A process for 

the or etals and 

allovs and of ceramics and metals is described, 

and a method of bonding carbides to steel is 
outlined 


mtinuous compar ig T 
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238 ABSTRACTS 


New powder metaliurgy applications in the 
metal cutting field H. Frommelt (Proc. 14th 
Ann. Meeting Met. Powder Aasoc., 1958, April, 
5-8) The use of infiltrated bodies in machining 
for the reduction of vibration leading to dam- 
age to the edge is described. Mechanical filter 
transducer wire and resonator discs by powder 
metallurgy W. KE. Whittington (9-18) Ni-Fe 
compacts are described. Metal powder indus- 
tries year-end report for 1957 K. H. Roll (19 
22). The effect of sintering atmospheres on the 
properties of sintered iron compacts 1). P. 
Kawasaki (23-31) Studies on Fe, Fe—-7%Cu, 
Fe-3%Cu-1%C and Fe+C in H., endo- and 
exothermic gas atmospheres are reported. High 
strength is obtained in a carburizing atmos- 
phere but with a carbon potential above 
0°85%, the weaker hypereutectoid structure 
results. Hydrogen and dissociated ammonia for 
sintering M. RK. Ogle (32-36) Production and 
properties are outlined with illustrations of 
equipment. Exothermic and purified exotherm- 
ic atmospheres for sintering H. M. Webber 
(37-41) Partially burnt natural gas with or 
without removal of CO, and H,0 is reviewed. 
The application of the endothermic atmosphere 
generator to the sintering of powder metallurgy 
parts N. K. Koebel (42-46) The conversion of 
natural gas to CO-+ Hg by partial combustion 
and catalytic reformation is reviewed and the 
use of the product for sintering Fe and other 
powders is outlined. Frontiers of powder 
metallurgy in the USSR ©. G. Goetzel (47-54) 
A summary of information on research de- 
velopments obtained during a visit, mostly 
non-ferrous. Present status of the powder 
metallurgy industry in Japan J. Miyauchi (55- 
64) Largely statistical. Metal powders for 
barrel finishing G.C. Madigan (71-78) various 
abrasives are compared. Slip casting of metal 
powders H. H. Hausner (79-90) The process is 
described and the properties of stainless steel 
slip castings are noted. Fundamentals of pow- 
der metallurgy lecture: A new viewpoint on 
sintering IF’. WW. Rhines (91-101) The 
sintering is analysed topologically, and densi- 
fication is considered in relation to diffusion, 
vapour transport, and plastic flow. Chromizing 
of metal powder parts It. P. Seelig (102-106) A 
brief survey of the process and its results. Hot 
forming techniques for consolidating metal 
powders H. H. Hirsch (112-125) Hot forming 
techniques and equipment are reviewed. Pres- 
sing, extrusion, and rolling are described and 
the properties of the products from Fe and 
non-ferrous metal powders are given. 

On the gas carburizing, quenching and 
tempering of sintered Fe and Fe-Ni compacts 

Fujivama (Sumi. Met., 1959, 11, Jan., 37 

50) The compacts were 10: <x 10x 55 mm in size, 
made by single- and double-pressing methods. 
For single pressed specimens, 
proceeds to the core; for double 
to 1-0-1-2 mm below the surface. The double- 
pressing method leads to superior mechanical 
propertic quoted Ni improves the proper 
ties; it is not completely diffused and remains 
in the matrix K.E.J. 
Preparation of iron and its alloys in a finely 
divided condition by electrolysis on a mercury 
cathode. Application to the study of the hex- 
agonal iron carbide IP. Lesage-Bourdon and 
A. Michel (Compt. Rend., 1959, 249, Oct. 28, 
1675-1677) The highly active powder was 
reacted with CO-H, mixture at 170° for 200- 
250 h. X-ray and thermomagnetic 
the products were made. 


The quantum formation mechanism of 
metallic powders by electrolysis with high 
current densities A. Calusaru and I. Atanasiu 
(Studii Si Cercet. Met., 1959, (3), 365-376) The 
phenomena at to the 
double eleetric of zero 
concentrati 


process of 


carburization 


pressed, only 


studies of 


limiting current are due 
field in the 
n adjoining the 


zone, one 
electrode, 
and the 


maki 
other in 
lectrons 
gh proba 
of the limiting 
potential cannot be 
increase in current and 
therefore the mean neutralization distance 
must increase because the probability of a 
jump increases with an increase in the energy 
levels of the electrons in the metal. 


Electrolytic iron powder from a caustic soda 


specific adsorption 
which the i neutralized by the e 
which can penetrate of the I 
bilities of passage. In the zone 
current an increase in 
accom panied by an 


impossible 
ns are 


because 


solution J. A. M. LeDuc, R. E. “——% and 

KE. Vaaler (J. Electroc hom. Soc., 1959, 106, 
Aue. 659-667) A slurry of ferric oxide in 
various concentrations of NaOH was exam- 
ined. Temperature is important and 90°C and 
600-800 g/l NaOH and low de are recom- 
mended. Pilot plant studies confirm this. 
Properties are given and an easily ground den- 
dritic deposit is formed. Particle size, shape, 
ductibility flow rate and compactability were 
examined and also the strength and elongation 
of sintered compacts. 

Investigating fine-dispersion carbonyl iron 
by means of the electron microscope A. A. 
Petrova, E. Tsvetkova, and V. M. Gor- 
shunova (Izvest. AN Ser. Fiz., 1959, 23, (6), 
687-689) Four qualitatively distinct particles 
been found in this investigation of the 
secondary structure; (1) with a clear ‘onion 
like’ structure, (2) with a partly destroyed 
‘onion-like’ structure, (3) without ‘onion-like’ 
structure, and (4) with a splinter structure. It 
was also found that some particles of carbony! 
iron are single multi-layer spheroids or ag 
glomerates of these, in layers also surrounding 
some iron crystals. 

New thermo-chemical techniques 2. Pow- 
der metallurgical applications P. (ialmiche 
(Met. Finishing J., 1959, 5, May, 191-195, 204) 
Production and chromizing of sintered iron 
parts and stainless steel powder sintering are 
included. 

Production of powder alloys of nickel with 
iron and with molybdenum by joint reduction 
of a mixture of these oxides (. A. Semenov 
(Zhurn. Prikl. Khim., 1959, 32, (7), 1502-1505) 
The reduction in H, of the oxides of Ni, Fe, 
and Mo even at the relatively low temp. of 900 
ends in the formation of powder alloys. At 
lower temperatures (600 the reduction of the 
oxides to the metal occurs in both these alloys 
while at higher temp. mutual diffusion takes 
place. 

Cathodic reduction of iron oxide V. P. 
Galushko, E. F. Zavgorodnaya, and L. I. 
Tushchenko (Zhurn. Prikl. Khim., 1959, 32, 
(7), 1551-1555) The influence of the electro- 
lyte, temperature current density, and the 


have 


addition of certain substances on the degree of 


cathodic reduction of Fe,O, was studied. The 
possibility demonstrated of producing 
metallic iron powders by the reduction of 
Fe,0, in an alkaline electrolyte (40°, NaOH) 
at 80°. It was also found that the cathode 
reduction proceeds mainly in the solid phase 
Development and present position of powder 
metallurgy in the German = Republic 
F. Eisenkolb (Neue Hiitte, 1959, 4, Sept., 534 
540) Fundamental research, and the develop 
ment of refractory products for 
general machine construction and special pur- 
and subs with good hot strength 
are reviewed 


was 


materials, 


poses, tances 
113 refs). 

Process compacts metal powders into con- 
tinuous bars F. Emley and C. Deibel (ron 
lye, 1959, 183, April 23, 112-113) Powder ina 
trough-like container is compacted by a 
sloping punch which by its reciprocating 
action advances the powder and forms a con- 
metal or 
process is only 


tinuous bar. The bar which may be 
is then sintered. The 
experimental at present.—Aa.G 

The advancement of powder metallurgy 
applications in the automobile kt. lo. Blue (Mer. 
Powder Ind. Fed., 15th Annual Meeting, 1959, 
94-98) A general discussion of factors in their 
antroduction 

The utility of sintered alloys produced by the 
new Mallory process ©. Vollers (.Wetalen, 1959, 
14, Oct. 31, 308-309) A brief description of a 
new process developed in America by P. R. 
Mallory and Co. Inc. of Indianapolis with par- 
ticular reference to the physical properties of 

veral types of MoNi, NiMn, stainless, CuNi, 
and NiCrVSi alloy steels claimed by them to be 
similar in quality and characteristics and free- 
dom from porosity to the steels produced by 
conventional methods.— F.R.H. 

On the compacting of metal powders S. Ya. 
Plotkin and G, V. Samsonov ( Vestnik. Mashin., 
1959, (5), 53-56) An investigation into various 
problems such as the effect on the strength of 
the compacted briquettes of different factors, 
e.g the time 
the elastic 


ceramiu 


the powders are under pressure, 


reactions after compacting, the 
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sequence of compacting etc. The results of this 
investigation under the different headings and 
for different metal powders are tabulated. 

The mechanism of the compaction of metal 
powders by rolling P. Evans ( Planseeber., 1959, 
7, Dec., 102-116) [In English} The develop- 
ment of powder rolling is outlined, and factors 
relating to roll design and speed and the size 
and shape of the powder are examined experi- 
mentally and theoretically. 

The compacting of brittle powders W. 
Rutkowski (Hutnik, 1959, 25, (10), 397-402) A 
study is made of the phenomena occurring 
during the compacting of powders, and 
methods of calculating the behaviour of 
powders during compacting, the different 
behaviour of brittle and plastic powders during 
compacting and sintering. It is calculated that 
the increase in 5* and yw for hard, brittle, or 
oxide powders is dependent on: (1) the reduc- 
tion in the relative density at the same specific 
pressure as a result of the increased operation 
of friction and the reduced plastic deformation; 
(2) the reduction in the density of the resultant 
powder is inter alia due to the reduction in the 
pressure-tightness of the apparatus and to 
improper filling of the die due to increased fric- 
tion between the grains of the powder if the 
filling and compacting are effected; 
(3) as a result of resistance to compression and 
plastic deformation, and in this connexion the 
formation of areas of contact, the physical 
properties (e.g. electrical conductivity) of 
these materials are in otherwise equal 
compacting conditions; (4) during the com- 
pacting of brittle powders, fragmentation (em- 
brittlement) of the larger grains of the powder 
occurs to a greater extent which clearly effects 
all the properties; (5) the phenomena described 
work advantageously during the 
of brittle powders with a large proportion of 
slip planes in mitigation of the unfavourable 
influences of the nature of the powder mat- 

erial,--M.T. 

Magnetodielectric materials made from car- 
bony! iron powder M. Waltenberger, L. Siar- 
zewski, and B. Affeltowiez (Prace Inst. Hut., 
1959, (1), 41-50) First the manufacturing 
techniques for magnetic cores of various coils 
are given. This is followed by description of 
properties of materials used, methods of insula- 
tion, the design of equipment and methods of 
measurement of magnetic Particu- 
lar attention was paid to the effects of addi- 
tions of mica dust. Magnetic properties for K22 
type cores are quoted in conclusion. 

Sintering in the presence of liquid phases J. 
Hlavaé (Silikdaty, 1959, 3, (3), 279-286) Theo- 
retical aspects of sintering of cermets and 
metal powders in the presence of liquid phases 
are considered for reactive 
systems.—P. F. 

The thevenedganaies and kinetics of dt 
ing H. J. Oel (Z. Metallkunde, 1960, 51, Jan., 
53-58 Sided experiments are described with 
the object of explaining the sintering mechan- 
ism in single-component systems. It 
that plastic flow, recrystallization, and internal 
stresses can play an important part in the early 
ing, and that the 
material transport is complex 

Investigations of the principles underlying 
the sintering process in metal powders taking, 
into account the influence of surface oxide 
layers W. Dienst and O. Werner (Z. Metall- 
kunde, 1960, 51, Jan., 45-52) The linear con- 
traction of Fe pa A Cu powde r compacts in the 
direction of application of 
measured with a direct-reading dilatometer, 
and it was shown that the derived curve of 
time against contraction corresponded ap 
proximately to an exponential function, 
that the most probable 
mechanism is plastic flow, 
boundary diffusion. 

The problem of elastic deformation of pow- 
ders during pressing W. Rutkowski and J. 
Bryniarski (Hutnik, 1959, (4), 154-158) The 
author considers the problem in detail and 
draws the following conclusions: The deforma 
tion of the product after the removal of pres- 
sure varies with the amount of pressure. This 
effect depends on the fineness of the powder 
and the finer the powder the greater the 
deformation. The harder the powder the 


loosely 


worse 


compacting 


properties. 


and non-reactive 


is shown 


stages of sinter mechanism of 


pressure was 


and 
initial sintering 


followed by grain- 





greater the deformation. Lubrication makes 
the process more effective 

Mechanism of sintering W. 1). Jones (Acta 
Met., 1959, 7, March, 222-223) A letter. It is 
considered that the difficulty of the theory of 
densification during the cubic 
metals, i.e. that it does not account quanti 
tatively for the initial very high rates of densi- 
fication, and can be met by assuming extensive 
grain boundary movements. 

Processes involved in sintering . G. Bernard 
(Powder Met., 1959, (3), 86-103) The funda- 
mental processes involved in the sintering of 
pure metals, mixtures, and of substances vield- 
ing a liquid phase are reviewed. The need for 
further investigation 
metric measurements of change 
energy is stressed A.G 

The mechanism of sintering in single com- 
ponent systems |. M. Fedorchenko and R. A. 
Andrievsky (Powder Met., 1959, (3), 147-171) 
Subjects treated include plastic flow, sintering 
kinetics, the shrinkage, and 
activated sintering. It is concluded that plastic 
flow is absent in free sintering when diffusion is 
responsible for shrinkage. A quantitative 
explanation of shrinkage requires the deve lop- 
ment of a theory of non-stationary diffusion. 

Recent British developments in the theory of 
sintering (:. A. Geach (Powder Met., 1959, (3), 
104-114) The sintering 
with reference to the material sintered, the 
effect. of additions, the 
departures from stoichiometric cc 
the sintering atm and the influence of 
grain boundaries in the later stages of sinter- 


sintering of 


based on micro-calori 


in tree surtace 


mechanism of 


process is discussed 
active influence of 
mnposition, 


sphere, 


Ing A.G 

Current ine ” theories of sintering in 
the U.S.A. J No Powder Met., 1959, 
(3), 115-124 a American 
field of solid and liquid phase 
reviewed Sug 


work in the 
sintering 18 
gestions are made for future lines 
of research, A.G. 

Recent work on the theory of sintering in the 
German Democratic Republic F. Thummier 
Powder Met., 1959, (3), 125-145) The possible 
mechanisms involved in sintering and the 
and secondary factors affecting the 
process are listed. Kast 
Germany is reviewed 4 

Investment casting * sintered penter L. E. 
Raymond (Prod. Eng., 195%, 30,. June 8, 86-87) 
A brief discussion of factors in the 
between thees methods of sn 
tion 

Studies of sintering atmospheres for ferrous 
products based on the incomplete combustion of 
methane gu SG Dan, A. Protopopescu, and O 
Stefan (Stud ercetari Met., 1959, 4, (2), 189 
iv With partial of CH, a wice 
range of gaseous mixtures mav be obtained. 
The t of these gases on compacted iron 
powders subjected to 

wentrations corresponding to an air excess 
of 0-45 to 0-60 (alr/gas ratio 4°5-6-5) sinter 
t OXIG1Z6 The 


does not 
no traces of oxi 


primary 


Research work in 


choice 


all part produc 


combustion 


shows that in 


sintering 


carbur!ze or mixtures are 


reducing mixture des cat 
found. The si e mixtures can also be 
shi yg = W l igh ©) 
tents ntered component 
dize« V é 
well disperses 

A new basis for an inspection method for 
sintered metal components 13. Bovarnick (Vet 
Powder Ind. Fed., 15th Annual Meeting, 1959, 
72 81 I lectroc her ical and tens le tests are 
prepared ve 


mpacts and their significance 


deseribed on specially ry pure 


carbonyl tron ex 
i8 assessed 

The influence of oxygen content on the 
properties of sintered metais and the zone of 
contact formed between them W. Rutkowski 
Z. Metallkunde, 1960, 51, Jan., 59-61) By 
ympacts of Fe and W so made that 
the metals were in separate halves of the com- 
pact, the effects of added oxides during 
ing on the properties of the sinter and of the 
contact zone were investigated. 

Electrical resistivity as a measure of the 
degree of sintering (:. Dan and A. Protopopescu 
Studii si Cerceti Vet., 1959, (3), 353-364) 
According to the nature of electrical resistance, 
changing with rising temp., two 
distinguished. A first zone up to 
characterized by a substantial fall in resistivity 


means of ce 


sinter 


7ones are 
500°C 


with increasing temp. and a second between 
500-1100 
the changes are continuous. The rapid fall in 
resistivity is probably due to the oxide films 
and the formation of contact; the 
slower changes at higher temp 


in which resistivity varies less but 


metallic 
correspond in @ 
certain degree to an increase in density 
Principles and methods of powder statistics 
A. Vidmajer and R. Brenner (Radex Rund., 
1959, (6), Dee., 734-760) A mathematical treat 
ment is given of the f powder and 
particle properties. Aspects of the application 
of statistical methods to the examination of 
disperse systems are discussed; particle 


statistics o 


proper 
with respect to weight, 
thei 
relationship to analogous powder properties 1s 
dealt with. General mathematical properties 
of statistical relationships of pov 
their range of application are considered, 
this is followed by 
of the Resin and Rammler law and the 
ithmic Gaussian law, 


discussed 


ties are 


volume, surface, size, and range, and 


wders and 
and 
& mathematical discussion 
logar 
from the points of view 


dealt with in the earlier part of the article 


FERRITES, CERMETS, AND 
CARBIDES 


Kinetic studies on zinc ferrite 
r. Yamaguchi and T. Takei (S¢ 
Phys. Chem. Res. Tokyo, 
In English 

Electric resistance and cation distribution of 
Fe Mn ferrite system Z. Funatogawa, 
Mivata, yo S. Usami (J. Phys. Soc Japan 
1959, 14, June, 854) [In Eng dish 

Fundamentals of metal ceramic combina- 
tions (cermets) (Metals for supersonic aircraft 
and missiles. Proc. Conf il uquerque, 
sponsored by ASM and Uni Neu Ve mi 
1S M publication, 1958, pp.432) H. H. Hausner 
339) Sintering and the properties of 
multiple component system outlined and 
components and structures of cermets are re 
viewed. Properties of various carbide cermets 
19 refs). Specific ceramics and cer- 
mets of promise M. F. Judkins (340-352 


Oxides, carbides, and some 


formation 
“apers Inst, 


195%, §3, June, 51-65 


1957 


315 


Ss are 


are rniven 


propr etary cer 
mets, borides, silicides, and nitrides are re 
viewed. 

Influence of an addition of chromium carbide 
to sintered hard metals V. Dufek (Neue Hiitte 
1959, 4, Ji july, 425-428) Experiments are 
eribed fre which it was found that an : 
tion of up to 1° Cr,C, ha 
hardness 


increase d. 1S Was partici 


rvs (18 refs 

“Carbides of elements of the fifth group of the 
periodic table bonded with steel M. Wpner and 
kK. Gregory ( Planseeber, 1959, 7, Dec., 120-128 
In Englist Experiments with the ides of 
V, Ta, and Nb bonded with C steel showed that 
all the nded to heat treatment 
and were neable in the 


cart 


carbides respr 
mact 
dition Phe 


anneales 
properties t 
discussed, 

X-Ray study of Seeengneye Gomeatns in 
cobalt _ ferrite K. M. Mc pl. Phy 
1960, 31, Jan., 147-154 

Observations on the structure and sintering 
mechanism of cemented carbides J. Ciurland 

Trans. Met. Soc. AIME, 1959, 215, Aug., 601 
608) The structure of sinte 1 We 
riC—Co alloys has been inve 


metric and metallographic 
cluded that sintering invol\ 
es through the liquid t 


esc and coalescence 


partic 
grain 

The prepertien of NiFe, oO, Mere, oO, 
solutions N. A. Smol’kov an a Yi P. 
(Izvest iN Seriya Fiz 
The inve 
magnetic, 


solid 
Sim annoy 
1959, 23, 3), 307-310) 
stigations covered the structural, 
properties of 
nickel magnesium ferrites of stoichiometric 
prepared 


and high-frequeney 
composition rhe 
from the oxides sintered for 3h at 1300 The 
results of the X-ray analysis, of the static 
magnetic characteristics and of h 
measurements are given 
Investigation of ‘the magnetic properties of 
the NiO- ZnO Fe,0, —_ K *iskarev 
(Izvest. AN Seriya Fz » 1959, 23, (3), 289-303) 
X-Ray analysis was man for the investigation 
The systems were selected by the 


specimens were 


yh frequency 


lines from 
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the corners of the triangle of the 
and intersecting the 50 


constitution 
mol Fe,O 


wnents. The Curie 


diagram, 
concentration of two comy 
points were investigated for various ¢ 
well as the 
bility and the specific magnetization 
The preparation of manganese ferrite. 1. 
Ignition in air A. Bergstein, Rozsival, and 
M. Mikula&é (Coll. ¢ hoslovak Chem. Comm., 
195%, 24, March, 885-895) Phase ex 
rvstallite form, ferromagnetism, and Cune 
functions of ig 
ned for two co 
Temperature change and disaccommodation 
of the initial ee * in the system MnO 
ZnO FeO Fe.O, W Heister Tech Vi itt 
Krupp, 1959, 17, May, 82-89 The anomaly 
eque nt appearance of a sec 
change with temperature of the 
ability of Mn-Zn ferrite 
Phe relationship « 
iron oxide conte are intering 
temperature is measured, ¢ i activ 
s detern 


omposi 


tions as initial magnetic permea 


mMposit on 


point a 
detern 


nition temperature are 


npositions, 


md maximum) in 
initial 
with exceas Fe 


»f disaccommo 


ation 
ornmoda 
d the n rnetit grile retardation 
S rete 
Preparation of the ferrites BaFe,,0,, 
SrFe, 20, by transparent form |.. H. brixner 
S, 1959, 81, Aug. 5, 3841-3843) 
n structure is isible in polar 
fav lattice measurements are 
Stable and metastable equilibria - the sys- 
tems Y,0, Al,O, and Gd,0, Fe, 20; Warshaw 
and BR Roy J im. Ceram ‘ 1959, 42, 
se , 434-438) Th ferromagnet material 
are studied 
Ferromagnetic ceramics: production of some 
ferrites by solid-state reaction |’. VV. Olcina 
Amador, F. C. Landete, and J. Il. Fernandez 
Alons« Rev. Ciencia Appl., 1959, 13, March 
April, 120-129) A deseription of work carried 
out by the authors 
ferrites, the 


in the preparation of some 


simple reactions being examined 
by thermo-analysis, using the meth 

tinuou veighing. Dissolution 
examined is investigated 
thermal analysis 

Thermal ee of Mere, o., “~— and 
MgO, 2FeO | kK. Carter (J . 
1959, 42, Subs 324-327) Meas 


1000°C are reported and di 


PROPERTIES AND TESTS 


_ Machines and instruments for material test- 
ing Draht 1959, 10, July, 301-305) A de 
cription of equipment on iew at the 
Industrial Exhibition at Hanover in 
Aim and organization of a quality-control 
department in an iron and steel works and its 
impact on the works H. Frober (Stahl Hisen, 
1959, 78, Oct. 29, 1627-1637) The 


eth na ysin v ( a quality 


Crerman 
105u 


author out 


mntrol 


evaluate entifically interpreter can 


pl ay 


quality of the products I 

The slope of the bearing area as measure of 
the surface texture M. Ehrenreich (Micro 
tecnic, 1959, 13, June, 120-125) Due to] 


an tmportant rol I mp ving the 


’ 
work by the author and a 
showed that the 


lalvsurf, 


isual value s obtaine 
and the profilogram 

describe the 
ma le 


surtace completely 
were and are described 
area curve due to Abbottan 
The work relates to the reborir 
ler blocks 

Surface roughness of hot and cold drawn 
steel tubes. General principles and factors 
which affect the surface HH. Mihlenweg (Stahl 
1959, 79, Nov. 26, 1792-1795) Con 


densed from a thesis. A general ission of 


bearing 


combustion engine cylin 


Eisen, 
surface roughness and defects, their causes and 
letermination, of the 

ditions on surface quality and of roughness of 
the tools on roughness of the 
finally, of the microstructure of the 
the working 


eflects of working con- 
and, 
blanks on 
properties and, in turn, on the 


tubes 
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surface quality. Hh. Factors affecting surface 
quality during hot working (1795 1800) The 
tubes were drawn by the Ehrhardt 
which ts deseribed in detail. The 

subsequent 


process 
effect of seal 
during the 


surface quality 


vorking Operations is discussed. In 
blanks has the 
quality of the finished 
tubes, surface quality, in particular cracks in 
the surface of the tools, has an influence too, 
A number of defects 
presence © cale are described 
these 
et the surface roughness in the var 
Scale 


scale on the yreatest 


influence on the surtace 


much less 
ited, it is ¢ iown how 
removal by 


of tube-rolling 
pressurized water was found to be an excellent 
remedy r.¢ 
Considerations on the elastic modulus and 
roam oe, 5 a of grey iron E. Plénard 
( es de las Fonderie, 
166 "27 $1) In the first part, the 
properties of lamellar vraphitic 
studied according to the stress 
In the second section, methods used 
nt of Young’s modulus for 
~«dl eritically: the 
grey tron is then investip 


d, and tinally the 


entre chnique des Industry 
195%, pp 
cast 


strain 


asuretiie 
iare analy damping 
ated using 
effects of graph 
elastic behaviour of grey iron are 
considered sO ret 

The mechanics of the plastic deformation of 
mild steel K. Hohenemser and W. Prager 
f ingewandte Mathematik / 

2, 12, (1), 1-14, trans. SLA 

17; RTP trans. 2468, from 


ree Techy Trans., 1959, 2, Nov 


The plasticity and failure of quenched steel in 
a system of plane stresses fF’. S. Savitskii and 
0. P. Burmakina (F7 Vet. Metallor 1959, 
(3), 421-425 The deformation curves con 


quenches teels and low tempered 


ratio between the 


0 to infinity depend on 


of the stress sys Phe onset of the 

yield point and failure co espond best to the 
onditions deduced by Yu. T. Yagn (Vestnih 
, 1931, (6), 
ditions of plasticity and strength 
Plasticity of transformer steel 4 heat- 
ng ys 300 900 S. I. Doroshek 
Vet. Me , 1959, (4), 590-594) Th the 

of transform steel after anneal be 

sh GOO thires 


inzhener tekhnikow und to con 


ind twe 
observe The high 
temperature fall occurs between 725 25°, the 
intermediate fall, between 525-725 , and the 
fall between 350-400 I'he 
n 650-700) and 


maxima i 


the rscosit eurve 


lower correspond 
ing maxima are found betwee 
425-450 The ductility of this steel may be 
reduced by annealing at the temp. corre 
to the fall in plasticity and tunproved by 
ane aling at the te mp of maximum | lasticity 
The plasticity between 300 
900° show some complex 


spond 
ing 
measurements 
diffusion processes i 
microscope lumes 

Investigating the workability of hardened 
steels M. N. Larin and Macloyv (Vestnih 
Vashin., 1959, (8), 57-61) The article gives the 
efficient geometrical parameters and processes 
of cutting for the machining of EKh 12 F steel 
hardened to 45, 55, and 62-64 R¢ 

The concentration of the internal friction of 
deformed alloys on an iron base kk. S. Lebede 
and V.S. Postnikov (Fiz. Met. Metallov., 1959, 
3), 410-417) The maximum internal friction 
of cold-rolled alloys which are removed after 
high heat tempering is conditioned by 
structural changes which are due to the defor 
mation and the subsequent heating and not by 
changes in the bonds of the crystal lattice 
of alloying. The overall reduction in 
the level of internal friction on these alloys on 
an iron base hand to an 
increase in the strength of interatomic bonds 
and on the other to changes in structure, 

The activity of ferrous oxide in silicate meits 
containing calcium and manganese oxides 
I. M. Davidson and C. Bodsworth (.J7ST7, 1960, 
195, June, 163-169) [This issue}. 

The distribution of copper, tin, arsenic, 
antimony, silver and gold between lead meits 
and carbon-saturated iron melts W. Celsen, 
E. Schirmann, and G. Heinrichs (Arch. 


and submicre BCOPIC VO 


such 


because 


is due on the one 


Eisenh., 1959 
that ¢ 


is most satistactory 


, 30, Nov., 649-654) It is shown 
u removal fi mniron by scouring th Pb 
with C-saturated iron at 
low temperature. Distribution of ¢ 
C-saturated iron and Pb and thei 
relations are discussed, the Cu saturation eon 
centration in the Fe phase determined at 1250, 
1350, and 1450°C (3-5, 5-8, 

tively 


u between 
temperature 


and &S-2 respec 
and the phase diagram F* Cu econ 
tructed up to 9°. Cu stribution factors for 
Sn, As, Sb, and Au were determined \t 
1250°, Zn and Sb are removed to the same 
extent as Cu; Au, and Ag are largely taken up 
by Pb, while As reme 
pig iron (15 refs 

A thermodynamic study of dilute solutions of 
sulphur in liquid iron, cobalt, and nickel, and 
binary alloys between these metals (°. 13. Alcock 
and L. L. Cheng (/7S/, 1960, 195, June, 169 
173) | This issue 

The distribution of copper and tin between 
liquid iron and lead and the influence on it of 
other metals H. Schenck a W. Spieket 
irch. Eisenhiitt., 159, 30, v., 641. 648) The 
conditions for the removal of iand St ‘ 
ith Pb are cise 
and experiments desc vibed in which 
brium relationships, the distribution coef 
eients L and L ind their di 
additional elements, are used to cal 


1ins almost entirely in the 


liquid iron by 


scouring 


splacement by 
ulate the 
Vitv coetheients of the roi binary and 
nplex solution Knowledge of the 
alloys indicates 
the extent to which the Cu can be removed by 
vacuum treatment (20 refs 
Vacancies in metal — k 
oe 1959, Dee., 72 Poi 
‘lassified wi 
Vernent 
cdetertiinatio 


act itv of Cu im tiquid iron 


Blaha (Pade 


ugration reviewed \ 
ture Lack , ( Sts 
obtained by different n 
different theories is 
The condition of carbon in iron “and steel 
Frantse ich, D Kalinovich, and I 
et. Metallov., 1959, (4), 574 
shown that all the carbon 
are in the form of positive 
d that a similar condition 
It has also bee nonstrated 
of irom atoms in austenite 
zed but the degree of ioniza 
tion falls with an inerease in temp. bevond 
G00 The mean values of the carbon 
charge n iron have been caleulated. It has 


ethods 


discussed (59 re 


exists ir 
that a pr 
are negatively toni 


oportior 


also been prover ¥ ume-Rothery’s cor 
tention e existe e of covalent bonds in 
the carbon atoms in austenite, and of the 
formation of mutually 


mpensating positive 


and negative « bon ions oY ie destruction 
of these covalen vonds a ugh temp. is un 
founded 
The mechanical properties of low-carbon 
seamless tubes V. Kravienko (Stahl Eisen, 
1959, 79, Nov 180}-1803) Tensile and 
bursting tests on tubes produced from OH and 
killed and not killed) by the 
Pilger and the ithat 
yield stress was always higher in the tubes than 
in the blanks, whereas UTS did not show great 
changes. Elongation at fracture was affected by 
the type of steel as well as by the 
process. UTS 


converter steels 
Ehrhardt processes showe¢ 


working 
greater in the longi 
nin the 
tion, but in one case this was re 
ing strength ( 


was mostly 
tudinal direction tha transverse direc 
versed. Burst 
tri-axial stress condition) showed 
the same behaviour as elongation at fracture, 
it depended on the of steel and on the 
working process in a complex manner.—t.G. 

Methods normally used in England for 
establishing the deep-drawing properties of 
steel sheet J. G. Wistreich (VWitteilungen der 
Forschungsgesellschaft Blechverarbeitung e.\ 
1959, Nov. 1, 293-296) A paper presented at 
the Annual Meeting of the above association on 
26 May, outlining the research work on sheet 
earried out by the Institute of Sheet Metal 
Engineering, particularly by the Deep-drawing 
Group. 

Deep drawability of soft boron steels J. 
Teindl, B. Otta, and M. Velkoborsky (Shornik. 
(Ostrava), 1959, 5, (2), 149-162) [In Czech] 
Metallurgical and production aspects relating 
to boron steels are surveyed. Experiments with 


tvpe 
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0-08°.C, 0-3°,Mn, 0-025%,P 


Ontaining . 
0O-0045 B 


a steel « 
and 0-025°.S and 0-001 to O-O0L to 
showed that boron tended to inhibit ageing, but, 
in the amounts used, had no significant effect 
on the Erichsen values obtained: in fact a 
small deterioration drawability appeared t 
sulted from the addition of boron PI 
The effect of inclusions on the strength of 
cast carbon steels |.. Kuchar and V. Vondrasel 
Shornik, (Ostrava), 1959, 5, 2), IR5H- 190) The 
strength and 
arbon steels containing about 0-23°,¢ 


studied in relation to the size and distri 


nave re 


ductility ff normalized 


of inclusions. Inc o oft cop 
smaller dimensio he observable 
on either nm opertyv: larg 
sions attect 

specific 
the inclusion 


ations were ne mu the 
characteristics 
The influence of the stress condition on the 
deformation and strength properties of steels 
Kochendorfer and = A Schurenkamper 
irch. Wis Techn., 1959, 25, Au 
The effec lvaxiality of tt 
stress condition 1 otehed specimens at the 
vield-point can be 
axiality number 
ments on structural £ 
function of the ‘notch number k his ia 
eussed in t ght of ‘ eorres of Hill and 
Green and o euber, me vield-potmnt and 
breal rurmbe 
tructt 
steels as ¢ ne ) nultiaxialitv and 
perature 
brittle yy ! 
dimensional represe san soll id 


D> » 


The mechanical properties of some high- 
tensile alloy steels 1. W. Paisow (Hutnik, 1959, 
26, (10), 394 401) In Ni ‘Cr W steels, ins 

( nerease tensile strength but ‘ ane 
to impact and the sar applies t 
W. Si inereases resistance to tempering. Ni car 
be replaced by Mn without affecting ialits 

Influence of tramp elements on the mechan- 
ical properties of mild steel N. beuchi ( Tetsu 
Hagane, 1959, 45, March, 315-318 
ence of specified range u 
Cr on tensile and other 
eonditions of the steel are ) 

Ra fissures of hot- worked steel products 

Nakajima Tetsu Hag 1950, = 


en age 284) Surfac 


resistance 


related to he 
strain rates the 
heated or vac 
a copper bath K.E.J 
On the plastic bending test. t1!. General 
principles ace to carbon — K Sato 
Tetsu to Hagane, 1959, 45, March, 313-315 
The high tomporature bend-strength of 
sintered carbides \I. Dlouhy (Hutn. Listy, 
14, (8), 692-695) A device f me ' 
bend-strength up to 900 ¢ 
measurements or carbides 
cutting purposes 
types Sl, S2, S3, 
strengths increas 
room ten pr rature, 
bend strength at OO ¢ Phe 
amoun 
upon the carbide quality PLE 
On the bendability of heavy steel plates. 
Influence of non-metallic inclusions and banded 
Structure on bendability of heavy steel plates. 
On the relation between bendability and 
tensile properties, and the laminar defects 
appearing in a fractures H. Ishizuka 
(Tetsu to Haqane, 195%, 45, March, 309-311, 
311-313) L. ‘Good’, ‘broken’, and ‘fissure crack’ 
results in bending tests are correlated with the 
no., length, and area of sulphi le 
detailed comparisons are 
pearlitic banded 
include a comparison 
area and the type of tensile 


88 In strength 


ts to 30-50%, in that range, dependit 


inclusions 
made with 
structure. II. The results 
between reduction of 
fracture K.E.J 

Evaluation of design and performance of 
parallel axle gears (. Castellani (/ng. Mecc., 
1959, 8, Oct., 41-48) This article in the series 
studies methods of determining the stress 
resistance of gear teeth. The formula for this is 
given together with graphs showing the 
coefticient for gear teeth for any 


form 
eircle dis- 





placement and 


! ‘ ibles ! nable 
the real load conditions t be |} 

Study on the materials for a ‘steam- turbine 
generator shaft. Relation between the cooling 
velocities and the mechanical — for 
Cr Mo V steel MI. Makioka t 
1959, 45, March, 360 
room-temp rect 
Charpy trans 

ipture data 

Determination of residual stresses in cylin- 
ders of inhomogeneous meee by a 
and machining |). Kk: o 
1959, TW, Dew $77 


erieciil 
cone bending tutions tests | on ‘steel 1040 
2. M. OO} Weinbaur Bo BA 1959, AS, 
744 ty sho 


f th 


Fatigue tests on joints — pipes and 
sheets W. Soete and J. Stre 
1958, 14, " ¢ he rad 
t ts carried o nthe w R 

The fatigue stronath of cast iron as a function 
of its structure and the conditions “ —— 
of rm yas S.V. Sere ev. Me 
Vem. S 1a54, yd t 


test -piece 
reset 
Influence of a non-axial load on the result of 
_—— _ orgy! pulsating — stresses 
M.oHe 1 I , 1959, 30, Dec., 755 
7Hu The addition ‘ fle 


stresses on the fatizue strength 


gradi 


triftiuer of sural 
lisating 
tensil 

flat sper 

tru 


those 


relationship additional stre 


and fatigue ength discussed 


Fatigue ate « on welded joints in motorcycle 
frames \V. Gregor (7: Sbornik, 1959, 8, (3), 


293 309 ot tatiy 


nil the uacthod of tentina re discussed 
Some data regarding vibration strength “ 

tow aitey 106 and 19G steels \. .\. Bat 
1954, 5D), 1 92) Conn 


irath data 


ere obtains ‘ oth these steel V testi 
loublel 

findings are 

ite that they 


atigue 


Fatigue tests on notched specimens the 
notches of which were filled by welding 11. Wulf 
Schweissen Schneiden, 1960, 12, Jan., 10 
Stress concet! at the t« h ote 
vitt 
has a lowe elastic 1 
netal t was found that are 
method tor t 
eres 20035 ntl 
bserved ce 
elastic 


pendi m th 


moduli 


On the effect of non-metallic inclusions upon 


fatigue strength |: 
1454, 45, March, 32 

£ nae ‘ ! ne: ‘ “s i Cr Me % ‘ 
Fatigue ‘ghenemenes of ball bearing steel 
ima (Tetsu to Hag 1959, 45, March, 


Effect of the heat treatment on the fatigue 
strength of — ter ° _— speed engine 
Ss. Va ‘ 1a5u 


test-p JIS S40, 
AIST 434 
The use of select area electron micrography 
in studies of the Sineties of — M. Mo 
md M. Klesnil (Aut ty x) 14, 8), BSS 
Phe eve mer f fatis th 


Phe 
The influence of electrodeposited protective 
coatings on the fatigue — of steel fi 
| cher D At, 1959, 10, N ) 77) Th 


i} 


cussed (40 ref 
Fatigue strength of electro-siag — 
joints of oeeonre cast steel 3. 1 


! ift l 
The tefluonse of the distance between "spot 
weles on long — fatigue ar M. \. 1 
, 1959, 2. 33 With 


lithe po Is aller 
New law relating to fatigue tailure of metals 


anova (Doklad iN 


j SSS PF, (1), 86-80 


constant 


Study of rotating flexural fatigue in various 
grades of forged and cast structural steels pro- 
duced at the electric steel plants of ARBED at 
paper ning P Wayener / 

~ 1959, 51, s), 146 162 


th 


lual cise 

alloy steels 

Fatigue tests on parent metals and butt welds 
A. Kollmar S bau, 1956, 25, (9), 205 210 
5 canlaeataedictean lace the LOSO 4 re 

VDI welding ve be 
mut. The results sugges 
for the 
nereased | 

t 

Fatigue properties 
steel (Denki-Seil 
In Japanese \ data sheet for S45; 
SCM22, and SCM22F steels 


Measurements of damping ‘capacity in the 


of —* free- ~cutting 
1959, 30, 
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Study of fatigue in a 7) magnetic materials 
K M. Entwisth R , 1959, 56, J 


i 
’ 


il 


Effect of hydrostatic pressure on the direct- 
stress tatigue wong of ” — steel |). J 
White, B \l t 

Ve 


it NK alt ‘ 
"Relationship between fatigue lite ‘of welded 
pressure vessels and a = parent 
metal I’. J. Wilks ) | Cot 
Wel Vet ) 


| ! Fo 2000 


Wi 
Ith 


Some considerations on design for fatigue in 
welded aircraft structures J. Kovins Weld 


, 1059, 38, June, 565 


hddin ure 

"Determination of the creep deflection bd a 
rivet in double shear ). Marin (./. Ap, 
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Creep of thick- walled tubes under internal 
pressure I’. I. J. Ri tt (J 1 oM 
1959, 26, June, 7 , j , 


lpr 
laut 
4 


“The creep properties of two et age ol 
bearing austenitic steels Hi. W. Kur 
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Hardness and brittleness of compounds of 
metallic character (:. V. Samsonov, V. 8. 
Neéspor, and L. M. Chrenova (Hutn. 
1959, 14, (6), 484-489) Microhardness 
brittleness of compounds of the 
elements has 


Listy, 
and 
transitional 
measured, Hardness 
silicide, nitride, carbide, 


been 
increases in the order 
boride, brittleness in the order: 
boride, nitride, carbide (23 refs). 

Determination of yield point by a ball shear 
hardness test K. Waitzmann (.Vaterialprifung, 
1959, 1, Aug. 2, 261-268) The new 
destructive method for steel examination des- 
eribed is based on shear hardness determina- 
tion, shear hardness being defined as the stress 
on the area of the spherical zone resulting 
from the impression of a ball in a drilled hole. 
rhe method is deseribed, evaluated statistic- 
ally and some applications described. 

Some causes of the dispersion of hardness 
measurements. Comparative study of different 
indenters A. Meallier and G. Aubrion (fev. 
Mét., 1959, 56, Aug., 327-355) Using mainly a 
grey iron specimen with a Brinell hardness of 
about 410, the influence 
sizes of WC 
on the 
ined; 


and silicide, 


non 


on scatter of various 
indenters and of a Vickers diamond 
scatter of hardness results was exam- 
influence of other 
condition and reading 


In association with the 
factors, such as surface 
error. 

Variation in the hardening coefficient related 
to the development of martensite transforma- 
tion during plastic deformation M.G. Gaidukoy 
and V. D. Zavodskii (Metallov. Obra. Met., 
1958, (5), 4-8) The materials for investigations 
consisted of a group of austenitic steels and 
also a carbon-free iron-nickel alloy. The 
coefficient was measured as ds/d Ww where s is 
the tensile strength and &% is the reduction in 
area. The value of this coefficient is directly 
related to the difference in stability of 
ite in the martensite transformation. Forma- 
tion of martensite during the deformation pro- 
cess results in an increase in the coefficient 

Variation in hardness measured in relation 
to the effect of the action of smal! loads and 
elasto-piastic hardness F. Giusti (/ng. Mece., 
1959, 8, Sept., 51-56) The writer asks why the 
methods of determining hardness are so 
num and varied. He then 
various methods in use with a view to estab- 
lishing the method which gives a definition of 
hardness for general application. 

Study of the hardening and of the loss of 
hardness of iron alloyed with manganese M. 1). 
Perkas (Metallov. Obra. Met., 1959, (5), 8-13) 
his study investigates Fe-Mn alloy at defor- 
mations between 5 and 90° For a 3°,.Mn 
alloy, 80°, deformation increases the 


austen- 


rous reviews the 


tensile 
strength more than in an iron without Mn. Mn 
also retards the initial loss of hardness of fer 
rite in heating. The work-hardening of ferrite 
is due to the breaking up of blocks 

X-Ray investigation of fatigue in steel at 
room and low temperatures Yu. 8. Terminasos 
and A. M. Poropoy Izvest VUZ 
Vet., 1959, (7), 75-78) It has been established 
that 45 steel fatigue at room te mp. 
panied by fragmentation of ery 
that) micro-distortion 
dimensions at the beginning 
does not change thereafter 
N, a considerable 
and in erystal block fragmentation occurs as 
compared with room temp. 

On the creep-rupture properties of austenitic 
Stainless weld metals VT. Suzuki (7'etsu to 
Hagane, 1959, 45, March 357-358) For 
AIST 308L 316L and 347 the chemical com 
position of the weld metal is compared with 
the creep rupture properties at 650°C K.E.J. 

Creep properties of 18 8 chromium nickel 
stainless — with titanium S. Terai (7'etsu to 
Hagane, 1959, 45, March, 383-385) Data pre 
sented differs properties 
between heats, long-term creep-rupture test 
results, and the effect of temp of soln. treat 
ment on creep-rupture strength. K.E.J. 

Investigation of creep in welded joints of 
heat-resistant steels. Article 11. On the failure 
of the base and weld metals in 15 KHMA and 
20 KHMF steels N. L. Kareta (Avtom. Svarka, 
1959, (8), 41-48) Two types of failures are 
noticed, intra- and inter-crystalline. Under 
conditions of long-time service, intercrystalline 


Chernaya 


is accom 
stal blocks and 
assumes measurable 
of the process and 
In fatign 
Im rer 


re in liquid 


Increase o-distortion 


include “neces in 


failure is typical. It is due to viscous slip along 
grain boundaries and the fillin 
the microcracks so formed. 

investigation of creep in the metal of welded 
joints of heat-resistant steels. 1. investigation of 
Structural changes in 15 KHMA steel during 
creep N. L. Kareta (Avtom. Svarka, 1959, (6), 
3-11) The plastic deformation of creep in this 
steel was due, under the conditions of the 
experiment, mainly to simultaneous displace- 
ment and polygonization, The sub-boundaries 
are the shear-planes and also polygonization 
boundaries. A certain proportion of the plastic 
deformation is conditioned by slip 
along grain boundaries. The development of 
sub-structures in the ferrite 
panied by a hardening of the steel. 

On creep rupture strength and ageing hard- 
ness. Effect of niobium on austenitic steels Y 
Otoguro (Tetsu to Hagane, 1959, 45, March, 
371-373) Data are presented for steels having 
a range of Nb content up to 1-80°,, and in- 
clude the effect of the Nb-C ratio on age- 
hardness, creep-rupture time, elongation of 
ruptured specimens at 650°, and high-temp. 
deformation resistance. K.E.J 

On the hardness of cast iron Y. Ogiwara 
(Tetsu to Hagane, 1959, 45, March, 224 226) 
Data are given for the variation of hardness 
with distance from the surface or centre, for 
various heat-treatments of the specimens. 

The practical realisation of the HV and HR 
—_ of hardness RK. S. Marriner (Metallurgia, 
1959, 60, Aug., 63.68) Experiments carried 
out by NP L using precise indentation hardness 
testing deseribed; 
loading the indentor are varied, 
sity for control of these 
standardization work is shown. 

Measuring decarburisation by microhardness 
H. Czyzewski and H. H. Honegger (Vet. Prog., 
1959, 76, July, 93) A modification is proposed 
to the method of using a straightforward 
microhardness survey to determine depth of 
decarburization; this gives reduced possibility 
of error, and the results conform with those 
from metallographic techniques. —K.E.J. 

The ageing of hydrogen-charged rimmed 
steel HH. Rogers rans. Met. Soc. AIAN 
1959, 215, Aug., 666-672) The ee 
energy for the return of the yield point on 
ageing has been determined for rimmed steel 
sheet electrolytically-charged with H,. The 
results suggest that H, eliminates the yield- 
point by causing localized plastic deforma- 
tion. A.G,. 

The embrittlement of heat-resisting a 
itic steels (;. Kruger (Neue Hiitte, 1959, 4, Dee. 
Published results on the embrittle- 
ment of these steels due to martensite, carbide, 
and nitride formation, and particularly by 
ferrite and o-phase formation were confirmed 
in the experiments described. It was also 
shown that carbide formation is a function of 
time and temperature, and embrittlement by 
o-phase is conditioned by time, temperature, 
and load, and is closely related to the amount 
of alloy constituents promoting ferrite forma- 
tion, or to the Cr equiy alent excess. 

Investigations of the embrittlement of a heat- 
resisting austenitic-ferritic chromium. nickel 
steel H. Schumann (Neue Hiitte, 1959, 4, Dec., 
733-738) Magnetic and metallographic exam- 
ination of the NLOCrNiWVTa 18-9 steel con- 
taining 18°,Cr, 10°,Ni, and 1-2% of the 
earbide formers W, V, and Nb+Ta showed 
that the embrittlement found with short-time 
annealing at 700 900°C 
tion of 0o-ferrite 
o phase FeCr. 

Prestrain, size and 
static brittle-fracture 
(Weld. J., 1959, 38, Oct 


g of vacancies in 


viscous 


grains is accom- 


eonditions of 
and the 
conditions in 


machines are 
neces 


precise 


is due to decomposi- 
into the hard and _ brittle 


residual stresses in 
initiation ©. Mylonas 
, 414s-424s) Tests are 


described with the aim of producing consist- 


ently in the laboratory true 
of fracture under 


brittle’ initiations 
central static loading. The 
effect of prestrain is examined, the mechanisms 
of fracture initiation is discussed, and the vary- 
ing influences of residual stresses reviewed. It 
is concluded that the ductility of sound strue- 
tural steels is suflicient to prevent appreciable 
influence of localized residual stresses (37 refs). 

Prevention of hydrogen and corrosion em- 
brittlement in ~~ Strength steel W. Kloeris 
jun. (Ind, Heat., 1959, 26, Aug., 1538) A note 
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covering a discussion at the I!th Western 
Metal Congress, Los Angeles. Correct cleaning 
and plating, followed by baking and painting 
avoids H, and corrosion embrittlement in 4540 
steel heat-treated to 260000-280000 psi and 
stressed to 60°,, of its yield strength 

Reviving the classical theory of friction by a 
modern dislocation theory of deformation 
revision J. H. Dismant (J. Appl. Phys., 1960, 
31, Jan., 221-222). 

Study of the friction and surface properties of 
solids F. P. Bowden (Rev. Mét., 1958, 55, Dee., 
1126-1132) The mechanism of solid friction is 
discussed as well as research into friction of 
metals and other solids at high sliding speeds. 
This is followed by a description of reflection 
and scanning electron microscopy in the study 
of surface properties. High resolution micro 
scopy is used to show molecular structure of a 
erystal and to reveal the of disloca- 
tions. R.P. 

An experimental study on the abrasion of 
martensitic steel weld metal S. Ito and M. 
Kawaguchi (J. Mech. Lab., 13, May, 100-105 
rhe abrasion factors were not so small as those 
for mild steel for low stress abrasion. The 
abrasion factors for low-pressure, dry and 
high-speed abrasions were respectively higher 
than those for the opposite types. The hardest 
specimen showed the lowest abrasion factor. 

On the reduction of abrasive wear of blades of 
gas turbines used in the metallurgical industry 
K. Lobl and J. Vodsed’alek (Hutn. Listy, 1959, 
14, (10), 879-885) A detailed study of the 
influence of welding hard Cr Ni-W steel edges 
to Cr-Ni-Ti steel turbine blades was made. 
Considerable reduction in wear was attained, 
and fatigue and impact strength of the blades 
were found to be good. However, the eco 
nomics of the process are questioned in the dis 
cussion of the paper by the referee P.F 

The effect of the chemical composition and 
cooling rate on the resistance to wear of sulphur 
cast iron N. V. Ivanov (Lit. Proizv., 1959, (4), 
35-37) Experience has that different 
rates of cooling and crystallization affect 
differently the resistance to wear of a sulphur 
cast iron of constant composition, The tests 
carried out are given graphically 

Life test of ball-bearing steel Io. Miyoshi 
(Tetsu to Hagane, 1959, 45, March, 345-347 
Lifetimes are po ne in relation to Hertz 
pressure, no. of non metallic inclusions, and 
homogeneity. K.E.d 

Works-designed units solve test problems (in 
making the FN rifle at R.S.A.F. Enfield) P. 
Trippe (Metalw. Prodn., 1960, 104, Feb. 3, 200 
203) Devices for optical inspection are 
cribed. 

Magnetic particle inspection and the most 
recent methods of indication H. J. Marschall 
(*Werkstatt und Betrieb, 1958, 91, Nov., 649- 
653) The principle is illustrated and equipment 
is described with examples of test results. 

Magnetic viscosity in carbon steels as a func- 
tion of fatigue (:. Lliescu, D. Barbulescu, G. 
Savin, and V. Petrescu (Bull. Inst. Jassy., 
1958, 4, (3-4), 259-262) The tindings show that 
the magnetic viscosity is influenced by the 
degree of fatigue which points to structural 
changes in the fatigued specimen; the magnetic 
Viscosity increases with the number of cycles 
as appears from the graphs obtained, that the 
increases are greater for harder and 
smaller for ductile steels. The numerical values 
viscosities vary for the same 

specimen to specimen which 
internal defects of 


presence 


shown 


des- 


steels, 


of magnetic 
material from 
may be explained by the 
the steels. 

On the standardisation of hardenability of 
steel. 111. On the structure and the mechanical 
properties of standardised Cr Mo steels kK. 
Tsuya (Nippon Ninzoku, 1958, 22, Oct., 497 
500) Difference in the ranges of tempered 
hardness and Charpy impact value as between 
standardized and 
Standards are discussed. A narrow 
hardenability is suggested. K.E.J. 

On the equilibrium state of cracks forming 
with brittle fracture G. 1. Barenblatt (Doklady 
AN, SSSR, 1959, 127, (1), 47-50) The develop- 
ment of cracks in brittle materials presents 
the following picture. The material contains a 
large number of micro-cracks variously ori 
ented. With increasing load at a given point, 


steels Japanese Imperial 


band of 








tensions are reached sufficient to increase the 
microcracks to \ isib le dimensions. At first the 

development of microcracks is determined by 
definite conditions and since they are generally 
small as compared with ordinary dimensions, 
it may be considered that the stress conditions 
near the cracks, according to Griffiths (Phil 
Trans. Roy. Soc., 1920, 221A, 180), are a uni- 
form tensile stress at infinity. As these cracks 
increase, their dimensions become related to 
the changes in stress. In certain conditions, the 
development of 
definite 


these cracks, on reaching 
s stationary. The 
cracks reach an equilibrium condition. This 
theory is mathematically analysed. 

Hydrogen embrittlement of plated steel 
springs J. A. Gurklis, L. D. McGraw, and C. L. 
Faust (PB 151125, 1956, Dee. 15, pp.43 
Except for the decrease in ductility due to H, 
caused by acid or cathodic pickling, it 
shown that random variation in the 
bility of spring steel to H, embrittlement was 
as large as the embrittling effects of cleaning 
and Cd plating treatments, and hence no heat- 
treating cycle or other treatments to relieve 
embrittlement is normally required subsequent 
to Cd plating. Factors bearing an embrittle- 
ment testing are discussed, and recommenda- 
tions relating to the processing pone! Cd plating 
of spring steels to minimize H, embri ttlement 
are made. 

Crack eoeqegamee test of some oo. strength 
sheet steels .! . Srawley and C Beachem 
(NRL Rep. ae PB 151352, a Jan. 10, 
pp-26) Results of crack-propagation tests on 
eight types of high-strength sheet steels are 
given as a function of testing te mpe rature, to 
include the transition from brittle to tough 
behaviour. Fracture mechanism is discussed 
for this type of specimen. Results given in an 
appendix indicate that good agreement is 
obtained between net fracture-stress values of 
specimens eracked by H, embrittlement and 
straining, and by fatigue stressing 

Fracture strengths relative to onset and 
arrest of crack propagation (:. R. Irwin, J. . 
Kies, and Smith (NRL Rept 5222; 
PB 151131, 1958, Nov. 20, pp.24) It is indicated 
that stress conditions controlling extension of 
a tensile crack can be described by the Griffith 
theory strain-energy-release rate G. Measure 
ments of critical value G,. for onset of rapid 
crack extension together with size and location 
of an actual or assumed starting crack can be 
made the basis of stress analysis methods of 
predicting loads required to cause failure by 
fracture. The relation of section size, tempera 
ture and yield stress to G 34 refs). 

Symposium on materials research frontiers. 
New advances in physical metallurgy W. hk. 
Hibbard, jun. (ASTM, 1959, ST’ P 243, 32-42) 
A section on brittle fracture and another on 
cube-oriented Si-Fe alloy are included. (Other 
contributions are non-ferrous or non-metallic.) 

The tendency of superheated steel to rever- 
sible temper brittleness as a function of the 
thermal treatment after second austenitizing 
B. Rotenstein and N. Dragan (Studii Cercetari 
Met., 1959, 4, (3), 127-138) It has been shown 
experimentally that the brittle tendency of 
steel quenched from too high a temperature 
depends on the subsequent heat treatment. A 
secondary austenitization from a temperature 
near Chernov’s b point followed by quenching 
reduces the transition temperature from 
fibrous to mixed fractures within the tempera- 
ture range in which reversible temper brittle- 
ness is observed. A secondary quenching from 
a temperature near Chernov’s 6 point reduces 
the tendency to brittleness irrespective of the 
tempering heat (500, 600, or 700°C) 

The influence of pre-existing sharp cracks on 
brittle fracture of a nickel molybdenum 
vanadium forging steel f. T. Wessel (ASM 
preprint 173, 1959, pp.21) A vacuum-cast steel 
was highly temperature dependent in the pres- 
ence of sharp cracks in impact tests and the 
vield strength shows a sudden transition over a 
narrow temperature range with a change in 
mode of fracture. Size effects are important in 
practical applications as fracture strength 
varies inversely as the square root of the crack 
length. 

Effect of cold work on temper brittleness 
A. 8. Keh and W. C. Porr (ASM preprint 152, 


dimensions, become 


was 


suscepti 


is discussed 


1959, Nov., pp.13 Notch-toughne 
tensile tests at ordinary temp. and at 
and 320°F were made. Cold work up to 35° 
before or after embrittling treatment 
reduced their susceptibility A difference 
distribution may be the cause 
Correlation between internal friction and 
temper brittleness in steel A. F. Kaddou and 
P. C. Rosenthal (ASM preprint 151. 1959, 
alloy and ¢ steels were 


ip to 500 k 


greatly 


} 
solute ator 


Nov., pp.12) Low 
te 


ted with ¢ ecg! groneoewome 
and a new theory of temper-brittleness 
advanced re, lls le islocation model 
and suggests anchoring by ottrell atmos- 
phe re, restricting slip on impact loading. This 
raises transition temperature and ftavours 
intergranular fracture. 

The notch toughness of commercial ship 
plate R. C. A. Thurston (Can. Min. Met. Bull., 
1959, 52, April, 245-254) An investigation 
earried out on a high-Mn tensile steel in the 
form of commercial ship plate to assess its 
suitability for use in the construction of an 

<esults of Charpy V-notch impact 
tests and tear tests are anal ye 
(13 refs 

The effect of austenitizing, tempering and 
microstructure on the properties of a Cr Mo V 
steel F. KE. Werner, T. Kichelberger, and 
E. K. Hann (ASM preprint 172, 1959, pp.20 
Factors producing notch-sensitivity in a 
1°. Cr-1-2°, Mo-0-25°,V steel were examined 
A tempered bainitic structure showed the best 
mechanical properties, high austenitizing and 
low tempering temp. produced notch-sensi 
tivity. The steel continues to temper in service 
above 950°F 

Friction and its measurement I. T. Barnwell 
(Met. Rev., 1959, 4, (14), 141-177) A review of 
the nature of friction, static and rolling friction, 
and the machines used for measurement 
(67 refs). 

The use of bench wear tests in manent 
development ©. H, Robinson, R. F. Thomson 
and F. J. Webbere SAE Trans., 1959, 67, 
569-579) Two accelerated wear tests on engine 
used by General Motors and 
believed to be reliable are described. A constant 
friction test and a high contact load test are 
made use of. Describes wear pattern of chrom- 
ium on engine cylinder S. Jacoby (579) A note 
on the experience of a p lating com pany. 

The influence of phosphorus on the wear of 
a tool iron castings A. V. Portugeis 
(Lit. Proizv., 1959, 9, 38-39) In the light of 
ela tests and entslioamatnle investiga- 
tions, it is concluded that the data point to the 
necessity of determining accurately the influ- 
ence of P on the wear properties of cast iron in 
general and of machine 
ticular, as a considerable improvement in 
quality and a change in the existing standards 
occur towards higher P contents. It is likewise 
necessary to re-examine the necessity for limit 
ing the content of ferrite in the 
tool castings. It is apparent 
where fine lamellar graphite and disperse fine 
grain eutectic are produced in the cast iron, it 
a sufficiently high level of 
where the quantity of ferrite is 
i.e. at higher C and Si contents 

The present position of photoplasticity 1. 
Monch echn., 1959, 
25, Mav, 174-180) A review of the literature 
relating to photo-plastic investigations is 
and is divided into two 
models of electroplastic plastics, and the 
laver methods in which a 
metal surface is attached to a layer 
elastic material (19 refs). 

Polarised light tensometry Kk. \ 
(Schweiz irch. Wiss. Techn., 1959, 
155-158) An outline of the development of 
photoelastic and photoplastic stress measure- 
ment, this paper was given as an introduction 
to a conference on this subject held at Zurich 
in 1948 (20 refs). 

The development of 
Britain H. T. Jessop (Schweiz. Arch. Wiss. 
Techn., 1959, 25, May, 158-163) The work of 
Coker and F ‘lon and later workers is outlined, 
and examples of techniques developed at 
University College, London, are given (16 refs 

Explanation for the low-temperature beha- 
viour of the anisotropy of iron W. J. Carr jun. 
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ppl. Phya., 1960, 31, Jan., 69 
tropy 1s referre <dl to 

"Development of cube texture in ae iron 

Brown (Iron Steel, 1959, 32, , 519 

rature of the subject is reviewed 

ncluded that there are at I 

f making the material-—involving 

eduction stage 

rameth 

Id-rolling 


Magnetic 


ist three 


rolling columnar 
i similar to the original Goss 


ussed 
re exture a el 

centred cubie metals (45 refs 

Magnetic structure of ferro-magnetic sub- 
stances J.S. Sur (J. Phys. Radium., 1959, 20, 
Feb., 113-119) Using a powder pattern tech 
nique it has been shown that on single crystals 
of Si-Fe only certair o ire dor 
nuclei of reversed domains and never sub- 
Other findings on metastable 
netic states are reported A. 

Variation in the saturation magnetization 
and electrical resistance of iron nickel alloys 
under hs iy > ren ew at tempera- 
tures kk. I. Kondo j and \V Sedov (J. 
Phys. Radium, 058. 20, ‘tg 185-191 
Measurements in the 
77°K show 
tion magnetization 
approached depend on the i 
compression, and, in large applied fields, on 
the field strength A.G 

Relations between grain size and magnetic 
properties in iron and cobalt amalgams W. 
Henning and E. Vogt (J. Phys. Radium, 1959, 
20, Feb.March, 277-281) The 
the I=f(T/H) curve 
on the total number of part 
the tem dependence 
distribution function of particle size 
by the method of Wei 
amalgam. The implicatio 
ships are discussed A.B 

Domain patterns and reversals by wall move- 
17 of thin films of iron and — iron 

E. Fuller (J. Phys. Radium., 1959, 20, ) 
co 310-318) The reversal of the 
of mé 


nains can be 


domains mag 


temperature range 1-7 
that the limiting values of satura 
absolute 
otropi 


and resistance as 


zero is 


initial slope of 
lepend only 
icles present. From 

of remanence the 
s deduced 
ind Gruner for a co 
ns of these relation- 


is shown to 


perature 


Pat 
ugnetization by domain wall movements 
has been studied on thin evaporated ferro 
magnetic films both parallel and perpendicular 
to the direction in which a magnetic field was 
applied during evaporation A.G 

Contribution to the study of thin layers of 
iron and nickel deposited on a copper support at 
very low temperature I. Conte and L. Weil (J 
Phys. Radium, 1959, 20, Feb.-March, 319-322) 
Some magnetic properties of thin Fe and Ni 
films deposited at 4-2 and 20 K have 
studied 
remanent magnetization on annealing are 
attributed to structural rearrangement A.G. 

Some magnetic among of platinum rich 
Pt Fe alloys J. Crang J. Phys. Radium, 
1959, 20, Feb. March, 135 437) Measurements 
of magnetic susceptibility and sp 
magnetization on face-centred cubic Pt-Fe 
In tl wir region alloys 
appear to be antiferromagnetic when ordered 
and ferre ordered A.G 

Surface energy of a 90° domain wail in iron: 
(Erratum) ©. D. Graham jun. (J Appl. Phys., 
1959, 30, Dec., 2022; correction to ibid. 29, 
1451 

Magnetization of the compound TiFe M. V. 
Nevitt (J Appl. Phys., 1960, 31, Jan., 155 
157) The range 9-110°K is cover 

Effect of various elements on the properties 
of non-magnetic steel K. Kusaka (Jeteu to 
Hagane, 1959, 45, March, 301-303) HKesults 
include the effects of arving amounts of 
carbon and Mn on permeability after heating 
at 600° K.E.J 

On the mechanical workability of permanent 
magnet materials Y. Kimura (Tetsu to Hagane, 
1959, 45, March, 299-301) Relationships are 
established bet wee prop 
erties, and cooling rates for materials such as 
Vicalloy and Alnico 5 K.E.J 

Eddy current method for measuring the 
resistivity of metals ©. P. Bean, KR. W. DeBlois, 
and L. B. Nesbitt (J. Appl. Phys., 1959, 30, 
Dec., 1976-1980) 

Determination of the size of defects by ultra- 
sonics J. Krautkrimer (Arch. Eisenh., 1959, 
30, Nov., 693-703) The diftieu 


heen 
Changes in the coercive force and 


mntaneous 
alloys are reported 


ymagnetic when di 


n hardness, magnetic 


Ities of obtaining 
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ible results by ultrasonic measure 


din particular obtaining 


with different 


‘ comparable 
results imstruments, are dis 
wn that absolute dat 
don an echo by using a calibrated 


gulator, with reference to the 


cussed, and it is sho 


be obtamne 


“acan 


wnplification re 
tiret back-echo of a plat 

Ultrasonics only one of the methods of the 
material testing of castings Kk. Schinn 
1959, 46, De« 17, 977-980) The 
testing of high-duty 
deseribed, and some ¢ xamples are gi 
testin of castin 


(fressere 
ultrasonic 
astings 1s 
of the 
s used 1 e construction of 
steam turbine 
Radiographic investigation of dislocations 
and particle sizes in iron and steel. 11. Influence 
of residual deformations in a F. Brasse and 
H. Moller irch. E 1959, 30, Nov., 
685 641 Intensity distribution in Mo -K 
X-ray interference patterns were n 
a mild steel after various degre 
rolling deformation. In the 
the changes in lattice constants were 
and in all 
urn inter 


senhutt 


jeasured on 
es of te 
tensile spec 


nsile and 
Hniens 
deter 
widths at half 
itv of the intensity dis 
tion according to inhomogeneous exte 
and the Fourier coefticients 
of the intensity distributions in reference to 
the distrib functions of the 
iluated and d 

Measurement of lattice constants of stressed 
specimens with the counter goniometer in the 
Seemann-Bohlin arrangement A. Segmulier 
and P. Wineierz (Arch. Eisent 195%, 30, Sept., 


577-580) Lattice constants were measured 


mined, specimens the 


miaxilt tribu 
nsions 
ind particle sizes 
ition extensions 


were ¢ cussed 


radiation on 
Cu allovs with 


with monochromatic Co K, 
ghiy-stressed ia mens of Fe 
Cu, quenched trom various te 
after precipitation at 500 ¢ 
Isotope ae for inspection and evalua- 
tion of ship welds |. | Weld. J., 
1959, 38, Aug., $248 328s) Flaw detection and 
radioisotopes are 


and the properties of '7Tm, Ir, 


miperatures 


Criscuolo 
tluation using discussed, 
B7Ce. and 
“Co are shown and compared 
Excitation functions for |», ”) reactions with 
titanium, vanadium, chromium, iron and 
nickel up to -. 14 MeV 8S. Tanaka and N 
Furukawa / "hus. Soe Japan, 1959, 14, 
Oct., 1267 +m Absolute and = ¢ omer 
for ®Fe and ®?Fe are compared 
“Specific heat of high purity iron 7 a pulse 
heating method |). ©. Wallace, P 
and G. ¢ Danielson 67. Appl adler G60, rr 
Jan.. 168 176) The range 25-1050 © is cover 
ed Variation 
letail 
Materials for 1200 F 5000 Psi Kt. J. Fabian 
Vv pitt aes Pateindlnlhee \ 
‘ AE ay OE atte ts materials 
‘The development of heat- resisting and stain- 
less utility steels of the CrMin — for seamless 
tubes F. Poboril (Hutn. Listy, 1959, 14, (10), 
861.863) MnCr steel lloved with N, and 
another austen! ainless steel Mi cr(li 
17/7 have be deve ed to reduce e« 
nof Ni e ck elopment and properties of 
1. They were found to 
An MnCrV 17/10 
als« loped; this performed sir 
» the \merica steels AISI $48 in 
sts ab e SSO ( P.F 
Development of electrical resistance alloys - 
the FeCrAl type F. Majer (/Tutnik, 1959, 


Pk 201) Comparatively 


ss-sections 


near transitions are shown in 


yn ky 


SUT 


S47 oF 


‘ 
hort lives of resist 
ontaimming, apart from tron, 21°C 
th wht to be due tothe S cor 

about 0-02°), cor } 
nthal D However, re 
howed that this belief 
iim cause of the short 
eneity due to faulty 

alloy tech 

Solubility and "diftusion of titanium in iron 
S.H. Molland R. EF. Ogil Trans. Met. Soc 
UME, 1999, 295, Aus., 613. 618) Inereme 
multiphase diffusion « iples have been used to 
investigate the s ‘ olubility of Ti in y-iren 


d the resulting 


ntal 


gradients have 

X rav absorption tech 
Maximum solubilitv measured was 

at Piao ¢ lr te 

yviven for the a- and nases 4 

“Investigations of the laltwonee on the equi- 
librium of nitrogen with liquid iron solutions of 
the addition of other elements (11) H. Schenck, 


analysed by 


rdiffusio coetThcrents 


Journal of The Iron and Steel Institute 


M. G. Frohbe , and H. Craf rch. Evsenh., 
1959, 30, eke 533-537) Investigations of the 

lubility of N, in Fe-Ni and Fe-Ni alloys 
were made ata N | atm. and at 
1600°C over the whole range of compositions, 
ind in Fe-C-N, Fe-Mo-N, Fe-S—N, and Fe 
Si-N at different partial pressures of N,. Th 
influence of O, on the lubility of Ny in liq ud 
examined, and imvestivations on 
the quaternary systems Fe Cu- Ni -N 
Fe-C Si N were carried out. 

Chemistry in the service of photoelasticity 
( Alt (Schwe irch. Wiss. Techn., 1959, 25, 
May, 164-168) The structure, and its influence 
on the mechanical and optical properties of the 
unsaturated resins used in phote 


» pressure 


rol was re 


and 


polyester 
elastic investigations are discussed. 

Stress optics in motor construction and 
related fields \. Kuske (Schwe irch. Wiss 
Techn., 1959, 25, May, 169-173 sy means of 


; 
examples, methods of investigating 


Various 
strength problems in these 
including the study of dises and plates by the 
two shift method, and of spatial problems by 
means of photoelastic scattering (12 refs 

Grain-oriented steel tor laminations (S/ie«/ 
Met. Ind., 1959, 36, June, 443-444, 446) An 
account of the new BTH line 

Direct observation of magnetic comeins in 
— M. Hi et and N. Lange (J. Appl 
Ph , 1959, 30, J June, 945) The 
are gm in polarized light using the Ker 
effect. 

A simple method of determining the magne- 
a a — of a permeability -— steel 

J. Hinsle (Edq illen News, 1959, 38, 
he ee BSCRA J., 1954, Dee 

Distribution of magnetic domains between 
the two phases in a single-crystal flat disc of 
iron K. F. Niessen (Philips Res. Rep., 1959, 14, 
April, LOL 110 

The effect of flux distribution on iron losses 
M. J. Schindler (WADC Techn. Note 58 174; 
IS TIA Document No. A D 203785: PB 151502, 
1958, June, pp.25) Large differs 
eddy current losses actually found 
calculated from the classical fe 
attributed partly to the 
of constant perme 


ticlds are examined, 


observations 


from 


bet ween 
and those 
rimula can be 


neces 


mecorrect assumption 
Attempts made in 
appro 
quation assuming variable 
rthat the assump 
ion of constant permeability accounts for only 
a small part of the obtained. 
Investigating structure and magnetic charac- 
teristics of the electrolytic depositions of terro- 
magnetic metals and alloys in relation to the 
mode of their preparation. —r Yu. M 
Polykarov (Zhurn. Fi Khiw., 1958, 32, (5), 
1015) The experiments have shown that 
force of the elocteslati metal 
with increasing pH of the 
electrolyte ing to an 
stresse \ comparison of structure 
magn characteristics of Ni 
methods with 


ability. 
this paper to determine 
for Maxwell's tield «¢ 


ermeabrlityv su 


Ximate solutions 


rest howeve 


I 
t 


ALiscrepancy 


1008 
the coercive 
deposits increases 
increase in tensile 
SeMSItive 
obtained by 
a proportion of occluded 
s proved that the gas is not the source of 
iternal stresses. The an of H, in the 
ekel deposits depends « grain size and 
on the deg oft distortion of the ervstal 
lattice 
The use of colloidal magnetite suspension in 
the study of the domain structure of ferro- 
——— I. Hejduk (Coll. Czech. Chem. Comm., 
1959, 24, Aug , 2792-2794) [In German} The 
preparation of the colloid is described 
The ve ang in iron nickel alloys \I 
Yamamoto Res. Inst., Tohoku Unir., 
159, 11, sae se. 119) The AE effeet has been 
neasured by magnetostrictive vibratic 
whole range of con position of 
i alloys. The Young’s moduli of a-phase 
vith less than ~20°, Ni are not affected 
netic field, a small ne 
miunimur \E etfeet appears in pure Fe and 
60-SO0° Ni alloys at the tield strength where 
total or differential magnetic 
maximum. A secondary increase appears in 
Fe, Ni, and SO0°. Ni alloy before 


ind a slight 


;wount 
n their 


n over 
annealed 


a weak mag gative 


susceptibility isa 


saturation, 
lecrease in 5, 30, and 90° Ni 
allovs. The results are discussed and the effeets 
of changes in composition on the alues of 
Young’s modulus and density are reviewed. 
On the methods of determining the specific 
losses of cold-rolled transformer steel \. \ 


June 1960 


Druzhinin Vestnik nyshlennosti, 
195%, (5), 41-43) The 
for cold-rolled 
losses can result in appreciable differences in 
results for whole sheets and for narrow strips 
Experiments have shown that whole sheets 
should be tested without rete 
should be carried out by the 

The value of tests under a strong magnetic 
field and their application to the examination of 
= P. Bastien and A. Sulmont (Rev. Meét., 
19549, 56, July, 131-143 _ ap} 


cribed by means of whi 


Rlektropr 
existing control 


transformer steel of 


THipering, whi nh 


users 


aratus is des- 
measurements of 
etic intensity can ° made between 20 
ind 700°C on eylindrical specimens, in field 
strengths ranging from 1LOO-3500 Ok apid 
and accurate determi 
phases in mixed materials such as 
ferritic steels are possible (19 refs 
Investigation of mechanical and magnetic 
properties of Fe Ni Al alloys for permanent 
magnets A. A. Shekalov and Ya. I. Shtreis 
Vetallov. Obra. Met., 1958, (4), 29-38) Allovs 
of 21 different studied. Ni 


improves strengths whil 


mag 


nations of the magnet 


austenitic 


OMpositions were 
tensile and impact 
them, 

int pact stre) gth and reduces the 
bending and torsion in prope 
but affects the 
above this concentration. 


aluminium reduces copper increases 
strength in 
tions below 6 
alloy in an opposite manner 
Sulphur improves 
mechanical properties and grindability with 
the optimum effect at 0-2°,, concentration. For 
alloy ara Py ay caer “a pa 0-5-1 ri 
and 0-05°,,Li is recommends 

The control of ferrous ber and tube stock 
SS News, 1959, June, 21-73) The use of th 
Magnatest D equipment for the Loo inspec 
tion of ferrous bars and tubes for cracks is 
deseribed 

Single crystal anisotropy and magneto- 
Striction constants of several ferromagnetic 
materials including alloys of NiFe, SiFe, AlFe, 
CoNi and CoFe kK. ©. Hall (J. Appl. Phys 
1959, 30, June, S16 S819 

How fabrication affects stainless magnetic 
properties WW. S. Eberly (Jron ige, 1959, 183, 
April 23, 106 108) The effec of cold working 
and annealing on the ma 
ferritic and auste 
ussed 
obtainin 


seaal properties of 
stainless steels are 
Recommendations are 


rties tor 


nite 


L org prope 
application } 

The industrial uses of ultrasonics . 
Techn. Mod., 1959, 
Direct uses apart 
reviewed 

Advances 
Brigg (Contre 
matic system f 


» Sept., 


from testing me 


in ultrasonic flaw detection 
1. 1959, 2, June, 82-87) An auto 
deseribed 


. introduction to oes ee" il 


r pro nduction bine Sis 
I. Schall (Inspection Eng., 1959, 

} $9 54) I 
and for angle 
tubes) are given 

Determination of the size of defects by the 
ultrasonic impulse echo method J. Kraut 
kramer (Brit. J. Appl. Phys., 1959, 10, Jun 
240245; SS News, 1959, June, 4-15 “i 
attempt is made to develop a universe 
for comparison of observations from 
kinds of equipment Using the 
from a simple plate an ‘equivalent circular 
dise’ can be calculated for the actual defect 

Rapid measurement of the austenite in steel 
by X-rays bk. Minardi (Met. Ital., 1959, 51, 
June, 239-240) The method of measuring the 
austenite in steel by inte 
of the diffraction line 
Averbach and M. Cohs 
needle-shaped test prece 
pared with those obtained 
method and the conelusion is 
needle 


23, May 
renergy absorptu 
distance sheet 


ormulae fi 
probe kip 


al svsterm 
different 
cho 


first bar 


K ¢ 


yvratiny t 


with 
a useful analysis can 
reduction in the total time 
l5h. 
Quantitative deformation textures of alu- 
minium, copper, silver and iron wires \. Freda 
and B. D. Cullity (Trans. Met. Soc. ASME, 
1959, 215, Skin and inside 
textures were examined by an X-ray d 
meter method A singk 110 
observed for Fe. 
High-sensitivity mass spectrometric mea- 
surement of stable helium and argon isotopes 
produced by high-energy protons in iron ©. A. 


shaped test-piece 
be made with a 


needed for analysis of about 10 


June, 530-535 
iffract 


texture was 





Schaeffer and J. Zahringe ays. Re 
113, Jan. 15, 674 678 
Use of radioisotopes 
Soustre Re 
Factors influe 
graphy for non-ce 
ndryv are reviewed. Choice 


159, 


in the foundry | 
Vét., 1959, 56, July, 124-130 
strueti 
screen, and the technique of g 
are discussed, and possible lines 

wnt are outlines 

Radioactive cobalt- 60, the rd for industrial 
headaches M. Daly (Mod. Cust 195%, 35, 
wiser na 30) A brief outline is giver f the 
inderlying principles, techniques, and appl 
prea See" a usit a 

Radiation damage in ferrous materials |. | 
Smallman (Tron Steel, 1959, 33, May, 175-180 
June, 3 322) The effects of neutron 


tion on 


rraqdia 
echanical properties of pi 

and ferritie and of 

issed with referer 

fs 


33 re ery fror idiatio 
t 


annealing, and struetur of th 
then deseribed 
Some experiments on extra low cobalt stale- 
less steels used for nuclear reactors KK. Hoso 
Sun Vet., 1959, 11, April, 167-169 ~ 
Japanese K.E.J 
Heat and corrosion resistant steels 
1958, Jan., 1-11) The et 
( al, andi } | 
a i treatmet 
It is 
only typice 
garded as standard sper 
steels are excluded R.F 
Ball-bearing steel made with a vacuum in- 
— furnace Miu. Ueno and H 
Tet » Hagane, 1959, 45, May, 506 
ontents and non-metalh nelusi 
s! all compared w t 
The austenitizing 
Fatigue re 


difference, 


Sistance we 
which tmplies that 
non-metallic 
factor in fatigue behaviour 

A selection guide to heat-resistant cast high 
alloys I). A. Schoefer (Machine Design, 1959, 
31, April 2, 118-125) A review of « 
surface and structural stability, 
and physical pre and desigt 
tions ts given for Fe Cr Ni and other al 

On recent ean col omne steels. HI. 

Tetsu to Hagane, 1959, 45, May, a2 
tier apc, with compositions, 
| 


mciusions may mot. be 


perties 
perti 


) seetion ciaiiialitin: ‘ 
300- M ultra high strength steel! Unt 
Nickel Co ee 1959), ppl 
OM position, ation me 
ds for this steel with 1-85°,Ni, 1-6 
O-85°. Cr, and 0-75°,.Mn are given 
Magnitude of the diffusion after-effect as a 
function of the concentration of iron carbon 
solid solutions |’. br 
( 1959, 20, Feb., 244 246) The aft 
field has been measured iron 


carbon 


types 


properties, and fabric 


msonneau Ph 


onal to the 

id solution, 
ritluenee 4 

Hydrogen in 1 cold worked iron carbon alloys 
and the mechanism of hydrogen embrittlement 
M. L. Hill and E. W. Johnsor Ty Vet 
Soc. AIM E, 1959, 215, Aug., 4 
working ro. lloy 
increase H, solubility and decrease 
at b temporats ires up to 400 ¢ Col 

id to create ‘traps’ in which H 
ae 1 4 : 

Diffusion ‘and penetration of hydrogen into 
pure iron and steel in the elevated temperature 
region H. Schenck and H. Taxhe 
Eisenh., 1959, 30, No j 
ments de saa dw 
design of equipment us 
method. It was sh 
ean have a 


preey ated arbon ha 


carbon a 


wwn that surface 1 
nee on Hy, per 
through x-iron; activation ene ’ 
plete 
partial processes; H4 3 
proportional to the fallin 
between the 
and is 
iniron inthe 
metal hic 


strong influ 


process ¢ juals the sur 


entry and eme 
tronglv influenced by ter 
atomie form: the 


inclusions is very small, an 


ditie he u 
surface 1 nations of ti. I 

On the function of nitrogen as an alloying 
element in heat-resisting materials. V. Infiu- 
ence of melting atmosphere on the heat- 
resisting property of 316L steels. Vi. The effect 
of nitrogen content on the nitrogen absorption 
of 20° Cr Fe alloys. Vil. The effect of nitrogen 
content and carbon content on the nitrogen 
—— of 25 Gr Fe — R. Tar 
‘) rkawa / , 59 45, 
March, 364. 366, 366. 369, 364 371 } 

Absorption of nitrogen by molten iron. 1. 
Effects of carbon, silicon and manganese on the 
absorption " — by molten — Y. Na 
gawa (Tet en aan or 
257) Experimental and th al 
are sented for th re | 

Distribution of silicon between phases in the 
annealing + a ae cast iron Kk. 1. Va 

venko, KR nloroy, ' K 


lat 
ita 


7M 


but also homogenization " 
Can nickel-free stainless compete at a 
temperatures? ht. Kk. Brady and r.B 
, 1959, 184, Aug., 


New heat resisting steel 
, 1959, 32, ly , O76 
trun -¢ tructural steer 
dos vs 


gth parts ope 


Laboratory of the institute for the working 
and treatment of steel at Kungi. Tekniska 
Segehetnn in Stockholm (. Wall Jer 

n Jnr 1959, 143, (11), 


tit 


METALLOGRAPHY 


The electron sper ene in iron and steel 
research ( it. Nestle echnik, 1959, 14 


Dee., 7TS5 


imstrumer 
Ant new experimental methods in ae 
metallurgy ©. Crussard (2 
Wét., 1958, Ma h, 263 
applications, ¢ ee itatio 
! IR SID fo 


ietals 


Appl 
etert 
and the } 
are dealt with (17 re > 
Separation and analysis of wy inclusions in 
sees 1 M. ft Longinov an r "1K 
Za 


th., is O59. 5 


Journal of The Iron and Steel Institute 


ABSTRACTS 


isolation of non-metallic inclusions in cast 
steel — sludge method) |: in der Du 


S , rao, Bi I t, 172 i An 


tr 


On the distribution of precipitates in corro- 
sion resistant austenitic steels \. (ilu 
H ty, 1959, 14, (8), 


f tsolated carbid 


Carbide formation in composing molybdenum 


- manganese steels |}. \ 
Ve if 


t} 


Che ya 


eT 
‘ ut Mn ateel 
Use of radioactive isotopes tor studying 
sulphur and non-metallic inclusions in steel 
production N.S. Mikailet iL. N. Kara 
it ~ is 
Methods for identification of inclusions in 
— steels (fonderie, 1959, N 16-519 


at ' f 


Determination ot the cerium ‘habit in carbon 
steel kt ' ; 


215, 


The recrystallization mechanism of commer- 
cial iron after small deformation =. 5s. (: 
and ¢ iran / / Vj ’ 


42h 


Criterion ter peritectic and eutectic reactions 
Mats Hillert (J/S/, 1960, 195, Jun | 204 
I sur 
Regarding the standard methods for — 
— song) size in a test KE. I v al 


to Gos] ou 


June 1960 
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Effects of heating temperature on the growth 
of cast iron K. Nagaoka (Tetsu to Hagane, 
1959, 45, March, 269-272) Detailed results are 
presented for the effects of repeated cyclic 
heating and cooling in various temp. ranges 
and the effects of ternp 
the y-region. 

Hydrogen and nitrogen distribution in steel 
castings *, Kurochkin, B. A. Baum, A. 8S. 
Konovalov, V. V. Postyka, and N. F. Tim- 
chenko (Chern. Metallurg., 1959, (2), 43-49) 
During rystallisation of the casting, as the 
front of the growing columnar crystals advan 
ces, H, separates from the solid metal and en- 
riches ‘the mother liquor. The enrich- 
ment of this internal zone during solidification 
is one of the causes of blister formation, 
cavities and non-uniformities due 
to the non-uniform H, distribution in the 
castings. Regarding the distribution of Ny and 
its behaviour, one can only say, on the strength 
of the experimental findings, that it distributes 
itself unequally. 

Phase changes in homogeneous mixed 
crystal a W. Késter (Schweiz. Arch. Wiss. 
Tech., 1959, 25, Aug., 263-272) An historica! 
survey of the representation of the atomic 
structure of solid solutions is followed by an 
account of new work in this field based on 
measurements of electrical conductivity, the 
Hall constant and magnetic susceptibility. 
Most of the cases discussed are non-ferrous but 
an account of the properties of the Au-Fe 
system is included (42 refs). 

Effects arising from variations in the compo- 
sition of malleable cast iron on the-first stage of 
graphitization 8. Dranal (Hutn. Listy, 1959, 14, 
(8), 680-688) With carbon contents such as are 
common in malleable irons the time 
dependence of the isothermal decomposition 
of ledeburitic cementite was found to depend 

earbon content according to the rela 

K,+ K,log t, where K, and Ky are 

constants. Si accelerates the process most in- 

tensivelyv, the shortening of the decomposition 

time being given by °% Si M, M,log t, with 

M, and M, being positive constants. The opti 
mum Mn § ratio lies between 3 and 4.—P.F. 


difference on growth in 


lic quid 


porosities 


cast 


Contribution to the study of the austenite 


recrystallization in superheated steel 6. Roten- 

stein and N. Dragan (Studi. S. Cercet. Met., 
1959, (3), 295-305) It has been exverin entally 
shown that the austenite recrystallization pro- 
cesses occur also with moderate rates of heat- 
ing (150 200°/rmin) for a second austenitizing 
when the recrystallization oceurs between 900 

950°C, The recrystallized fine-grained austen- 
ite maintains its structure over a wide range of 
temp. (900-1050°C). A rise in temp. for the 
first heating fromn 1200 to 1 300°C displaces the 
interval with fine grain to 1000 

1100°C and a prolongation of keeping for the 
heating reduces the reerystallization 
temp. of superheated austenite 

Physico-chemical investigation of the trans- 
formation of the o-phase in austenitic ferritic 
molten metal N. Ya. Karasik and N 
Shlepyanova (Avtom. Svarka, 1959, (5), 55-61 
X-Ray and che 
two alloys, one purely austenitic, the other 
containing 5°. ferrite. It was established that 
the formation of the o-phase in molten metal is 
more intensive in the presence of the 
An electrolyte containing 20”,, aqueous solu 
tion HCl, with a small! current density (0-02 
amp/em*) ensures complete solution of the 
base metal, maintaining the a-phase. The 
chemical and X-ray analyses have shown that 
two different transformations occur in the o 
phase of the molten metal according to the 
ratio Fe:Cr. 

The effect of cold-deformation on the »-c 
transformation in welded joints of type 25 20 
steel Yu. B. Malevskii and B. Medovar 
(Avtom. Svarka, 1959, (7), 40-45) Cold defor- 
mation preceding isothermal heating speeds up 
the formation of the o-phisce in austenitic 
welded joints. This speeding up of the y-¢ 
transformation is related to the recrystalliza- 
tion processes. When ageing at relatively low 
temp. the oephase which 


between 


second 


mical analyses are reported on 


a-phase. 


forms in the new 
grains appearing during recrystallization, has 
a pearlitic structure 

ney the original structure and inter- 
crystalline liquation in steel and pig irons by 
austenisation Ya. N. Malinochka and N. G. 


Osada (Zavods. Lab., 1959, (4), 446-447) The 
method proposed for revealing macrostructure 
and intererystalline liquation in cast steels is 
by partial austenization. In the crystal- 
lization of alloy steels dendritic liquation of 
alloy elements occurs. If an element which 
exceeds the A, point concentrates between the 
dendritic axes, then with relatively slow heat- 
ing the first sections to austenized 
wil] be those poor in the alloy element, i.e. the 
central (axial dendritic 
branches and the sections where the concentra- 
tion of the alloy element is greater will not 
austenize. With intensive cooling the austenite 
of the dendritic axes transforms into marten 
site weakly etchable or with martensite plus 
residual austenite. 

Formation of the ‘white zone’ on the surface 
of the steel section-shaped wire when drawn, 
and when working with ropes (;. M. Zamoruev, 
A. L. Tarnavskii, N. 8S. Vokhomsku, and O. A. 
Rvabchikova (Vestnik. Mashin, 1959, (7), 52 
53) The factors promoting the formation of the 
martensite structure on the surface of Z-shaped 
drawn strips are numerous and in mass pro- 
duction it is difficult to guarantee their 
absence. The Magnitogorsk section 
one produced Z-shaped wires experimentally 
bv drawing through hollow rollers. The wire 
has high ductile properties and no martensitic 
structure. The formation of martensitic struc- 
ture in ropes is also observed in a wide range of 


become 


sections of the 


grooving 


components 

Investigation of thermodynamic quantities in 
the martensitic ; transformation of iron 
nickel alloys 2. Schei] and W. Normann 
(Arch. Eisenh., 1959, 30, Dee., 751-754) 
Measurements of the heat content between 20 
and 900°C of Fe Ni alloys containing up to 
25°,Ni were used to derive heats of transfor- 
mation and to calculate the thermodynamic 
potentials. It was also shown that transforma- 
tion temperature is re lated to pressure by a 
linear law: dp/d7T 186 (kg/em?)/°¢ 

Colour metallography in the study of iron 
chromium alloys S. A. Kiseleva and G. A 
Faivilevich (Zavods. Lab., 1959, (5), 570-571) 
Colour metallography is particularly effective 
to bring out the non-uniformity within the 
boundaries of single grain or to show up small 
amounts of one This article 
explains the method of colour etching to study 
the structure changes occurring during thermal 
treatment of the binary iron-chromium alloy 
(39-15°.Cr and 0-035°,.C The etching is done 
preferentially with a water solution of 
KMnO,, 4g; Na,O 9, 4g in 100 ml water at 90 
for 2-3 min. Results obtained by this chemical 
film-etching have made possible a_ clear 
separation of the structure of the components 
and can discover insignificant segregations of 
the o-phase. 


or other phase 


CORROSION 


Electrochemical series of metals in corrosive 
media ——- in practice J. Elze (Werks 
Korr., 1959, 10, Dec., 737-738) In view of the 
limited validity of the electrochemical series as 
a measure of metal tests were 
carried out to obtain a ‘practical’ series based 
on corrosion in rainwater and water condensa- 
tion, and in seawater. In addition to open cir- 
cuit potential, it was found necessary to know 
the slope of the current/potential curve in the 
medium. 

Low-temperature boiler corrosion and de- 
posits a literature review P. 1). Moskovits 
(Ind. Enq. Chem., 1959, 51, Oct., 1305-1312) 
(103 refs). 

The occurrence and control of low-tempera- 
ture corrosion caused by flue gases Bb. J. 
Alexander (Chem. Ind., 1960, Jan, 9, 28-32) 
Formation of S¢ Yo and SO, and their deter- 
mination and effects and the use of inhibitors 
are described, 

_ Stress corrosion of steel H. Gerbeaux (Soud. 

echn. Conneres, 1959, 13, “ Dec., 433- 
472) Mechanical and physical aspects of 
stresses and distortions in metals are discussed 
with special reference to stress corrosion. 
Characteristics of failures of carbon steel and 
stainless steel in various corrosive media are 
and related to the conditions of 


corrosion, 


considered 
€ R.P. 
Effect of aeration of boiling sulphuric acid on 


us 
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the corrosion-resistance of welded joints 4 
TKHISNOT steel N. A. Langer and B. 
Medovar (Avtom. Svarka, 1958, (11), 48 aa 
Thin Cr-Ni austenitic steel corrodes strongly 
in H,SO,. Blowing air through the solution 
and additions of small amounts of HNO, 
rapidly reduce the rate of corrosion. 

Observations on pipes of 2; in. steel APS 10 
M4, after 18 months’ use in the wells of Lacq 
103 FE. Herzog (Corr. Anticorr., 1959, 7, July 
Aug., 281-287) Various tests made on several 
sections of pipe taken up in Sept. 1958: deter- 
mining loss of weight-examination of corrosion 
products: chemical composition and constitu- 
tion of deposits (by X-ray and thermo-mag- 
netic analysis) examination of pipes for con- 
centration of H and mechanical characteristics 
are reported.—-8.H.-8. 

Fretting corrosion of metals RK. T. Allsop 
(Metallurgia, 1959, 60, Aug., 39-43) The 
nature and occurrence of fretting corrosion are 
examined, the theories of Uhlig, Wright, 
Waterhouse, and Feng and Rightmire are 
reviewed and assessed, and the relation 
between fretting corrosion and fatigue 
cussed (22 refs). 

Copper, arsenic and antimony in ores, iron 
and steel. tl Rekar and R. Brifah (Rud. 
Vetal. Zhornik, 1959, (3), 227-258) [In Serbo 
croat| The detrimental effect of small quanti- 
ties of these elements in steel is discussed on 
the basis of a series of experiments. Lower per- 
missible limits are indicated, and the origin of 
the impurities, and their relation to the ore 
composition are discussed, P. F. 

Resistance of iron-silicon ” various corrosive 
media (Aciers Fine. Spec , 1959, 33, Dec., 91- 
94) The resistance of alloys containing 0-4 
0-8°.C and 14-17°,Si to various 
media under given conditions is summarized in 
tabular form.—Rr. P. 

Poison tests for the prevention of root pene- 
tration into the asphalt/bitumen coating of 
steel pipes J. F. Bogtstra (Metaalinstituut 
TNO. Report No. 66, 1959, Nov., pp.3) This 
report emanates from the Committee No.II 
and describes the investigations conducted 
with various poisons to combat the penetration 
of roots into the asphalt/bitumen protective 
coatings of pipe lines provided with wool felt 
servings impregnated with various poisonous 
substances. The pipe lines under test were 
buried in through which the roots of 
various plants grew. From the results obtained 
it seems that triethyl tin oxide gives the most 
promising action followed by that of penta- 
chlorphenol F.R.H. 

Effect of heating conditions on the descaling 
of stainless steel A. Sakihama ( T'etsu to Hagane, 
1959, 45, March, 292-295) Data show the 
changes in weight on sealing and descaling, the 
amount of seale recovered and the time for de- 
sealing for specimens heated in oxidizing, 
neutral, and reducing atm., and the same with 
added SO, K.E.J. 

The influence of oxygen pressure on the rate 
of oxidation of pure iron A. Rahmel and H.-J. 
Engell (Arch. Eisenh., 1959, 30, Dec., 743-746) 
Experiments are described, from which it is 
shown that Oy pressure has no detectable 
influence on the kinetics of oxidation of pure 
iron at 700, 800, and 950°C, either in pure O, 
at pressures of 100-600 mm, or in a stream of 
O,/A mixtures between 7 and 760 mm. 

A magnetite seam at the scale/metal inter- 
face on mild steel K. Sachs and G. T. F. Jay 
(JIST, 1960, 195, June, 180-189) 

Influence of silicon on the high-temperature 
oxidation of copper and iron J. W. Evans and 
S. K. Chatterji (J. Electrochem. Soc., 1959, 106, 
Oct., 860-866) The effect of 1 at.°, Si on 
pure Fe at 950-1200°C was observed. The 
effect is considerable and the diffusivity of Og 
in Fe appears to be greater than is gene rally 
supposed 

Orientation relation a a hematite an 
cipitate and its ferrite host k. Carter, W. 

oth, and C. A. Julien (J. y Lesa Ahoy 
1959, 42, Nov., 533 A Widmanstitten 
structure was developed by oxidation of a 
Mn-Zn ferrite and X-ray determination of 
orientation shows a relationship with only a 
3° mismatch between the ferrite and Fe,Os. 

The displacement of the invariant point 
between iron, wustite, magnetite and oxygen in 


is dis- 


corrosive 


soils 


rhis issue] 


Ceram. 


536) 





the system iron oxygen, by means of alloying 
elements or foreign oxides; — on the beha- 
viour of iron alloys in scaling | srauns, A. 
Rahmel, and H. Christmann (Arch. Eisenh., 
1959, 30, Sept., 553-564) It is shown from 
thermodynamic con erations that the limit- 
ing temp. of wustite formation, which is 570°C 
in the Fe—O system, is displaced to higher or 
lower temp. by the addition of for 
which 


ign metals 
solutions with 
wustite, magnetite, and/or iron. These re ae 
are confirmed experimentally by dizing 
tests on Fe-Cr, Fe-Ni, and Fe Mn, 
(32 refs). 

The corrosion of iron in aqueous media 
Gomez (Can. Min. Met. B 1959, §2, Nov., 
713-727) Theories and mechanisn e re 
viewed and notes on painting, c« ngs and 
linings, inhibitors and other protective 
ods are added (21 refs and bibliog. of 19 items 

Observations on the mechanism of attack on 
aluminium iron nickel alloys in water vapeur 
below the erttions temperature I’. Lelong, 
Moisan, and J. Herenguel (Compt B arpy 
250, Jar “i 340-342) Selective penetration 
between solid solution and eutectic is demor 
strated 

Stainless steels one ee alloys versus 
marine environments J. ©. Rowlands (( 
Techn., 6, Dee., 359 363 A ce 
of a series of corrosion test prograr 
out on a range ot 
and austenitic steels t« 
viour with complete a 


or oxides form solid 


alloys 


meth 


scription is given 
nes Carried 
iartensitic, ferrit 

determine their beha 
nd half-tide imme 
and under aerial conditions 
Crevice corrosion due to marine fouling was the 
main form of attack except in the aerial speci 
mens. The 
stainless steels and related alloys to copper and 
mild steel was also examined 

Determination of soil corrosion character- 
istics for the protection of underground installa- 
tions G. A. Allakhverdieyv (Azerbaydzhanskoy 
Neftyanoe Khozyaystvo, 1956, (2), 18-22, trans 
lation, from US Dept. Commerce Tech. Trans 
1959, 2, Oct. 2, 526) Polarization curves in 
sandy, clay-sand, and 
on the line of the Baku-Batum pipe-line were 
traced and used to corrosivity 
Limits within which blisters and penetrating 
corrosion spots appeared were determined 

Investigations on the influence of air permea- 
bility of soils and the corrosiveness of the latter 
J. W. Boon (Metaalinstituut. TNO, Report 
No. 66, 1959, Nov., 248-251) |In French] The 
author describes the results of an investigation 
conducted with soils coming from various 
parts of Holland to determine the influence of 
air permeability and their corrosive 
presence of cast iron and 


stainless 1 


rsion 


in sea water 


galvanic effect of coupling various 


argillaceous saline soils 


assess soil 


ness in the 
steel pipe lines. Use 
ognized test methods for 
sands suitably moditied and also of a 
promising provisional test method 
developed at the Delft Institute for Metal 
Research F.R.H. 

Possibility of transition between stress crack 
and pitting corrosion in mild steels W. Kideker 
irch Eisenh., 1959, 30, Dec., 747-750) 
Examination of two examples from practice 
a heating tube from tank for alkali 
and a steel contained in contact with nitrate 
that inter and = intra- 
stress corrosion can occur at the 
as local, pitting 
model experiments 
erystalline corrosion, 
predominated 


made of reco 
moulding 


was 


new but 


a storage 
solution — showed 
crystalline 
same time 


found in 


corrosion. It was 
that in 
grain boundary corrosion 


inter 


with severe tensile 
while the local corrosion structure was more in 


stressing, 


evidence at smaller stresses, 

Corrosion tests on — finishes F. G 
Morriss (Corros. Techn., 1959, 6, Nov., 346 
347) The problem of the resistance of enamels 
to attack by synthetic and meth 
ods of evaluating this resistance are discussed 
The results of tests are considered 

The difference in the chemical attack of 
corrosion-resistant steels in the welded and not- 
welded condition H. Zitter (Berg. hittenmann 
Monatsh., 1959, 104, Oct.-Nov., 227-228) This 
is a shortened version of a paper appearing in 
Werkstoffe u. Korrosion, 1959, Oct., 311-321. 

Testing the resistance of fluxes to attack by 
rust Ic. Stalmasek (Zvaranie, 1959, 8, (10), 290 
299) Researches on the standars lizatio on of tests 
for the determination of the extent of the lia 
bility of fluxes to be attacked by rust, with the 


detergents, 


consequent 
repo rted 


pore-formation in the 3 
\ simple standard test, free from 
variability of existing tests, is de eocibed 
Tests for corrosion fatigue — bending and 
— L. A. Glikm strov, and 
V.K Dotnes (Zavcds: 1 , 1959, "456 160 
The relation between lin ff gue under tor 
s10n 7 and under bend 3 1=0-, 
where F is a factor which vane th > sl 
of the specimen. This rel 
er accurate \ 
ects thre 

materials suscey 
strength with « 
ness and plastici 
materials w 
with corrosion. Fort 

rive closer results 

Re et wetted Rg mmy corrosion couples 

lersch (Cor n 195%, 6, Oct., 293 

ia. The corrosion of partly immersed metal in 
tion with ¢ 
examined, usiny 
completely submerg 
the electrolyte, the 
immersed steel wool 
Study on corrosion of austenitic stainless 
steel by uranyl! salt solution G. Shinoda, ‘I 
Sano, and T. Kawasaki (Nippon Ainz u, LYSS, 
22, Ne , 592-596) Various 1 thods 
ing the mechanism of corrosion were ¢ 
Nb-stabilized steels showed od 


conjun ctrodes was 


rrrosion 
resistance, and their structure and corrosion 
characteristics were unaffected | neutron 
irradiation at room temp 
Study on 17-7 PH stainless steel. il. On the 
corrosion resistance of such a steel containing 
0:7°.,Al against an aqueous solution of H,SO, 
and HNO. | Sato and ‘J Furukawa Nippon 
Kinzoku, 1958, 22, Ni , 604 GOR) Tr 
the corrosion behay is similar to 
IS-8 steel. Conditions of cold reduction 
ayeing to give the best re 
by 10°. H. SO, are specified 
Time- tomperature- concitization diagrams for 
type 347 stainless steel H. FF. Kebling and M. A 
eil (Met. Prog., 1959, 76, July, 96-B 
emperature-contour and time-¢ 
ng corrosion rates, and 


mtour curves 
time-tempera 
sensitization curves are given tor two 
eats (analyses git of type 347 stainless 
The ‘TTS’ curves are for mill-annealed 
et, stabilized she and sheet cooled after 
stabilization K.E.J 
Corrosion resistance of type 347 stainless 
atter ‘sensitizing’ heat treatments H. F. bling 
and M Scheil (Met. Prog., 1959, 76, July, 
94-97) Corrosion rates in boiling nitrie acid 
after a series of heatings between 700° and 
1500° are plotted as ‘TTS (time-termy 
sensitization)’ diagrams. These es ” used to 
avoid fabrication practices which would lead 
to later damage in servic K.E.J 
The effect of hexamethylenetetramine on the 
acid corrosion of steels A. 8. Afanas’ P 
Brvnza, L. FE. Gerasyutina, and G. I. Lyvsenko 
Ukrain. Khim. Zhur 1959, 25, (1), 73-80 
Hexamethvilenetetramine as inhibitor of acid 


corrosion of el may considered ace 


rature 


rrding 
actions, An addi 
H,SO ses the 


mn losses 


to its specific and neutral 
tion of 300 mmol/! of a 0-2 
pH from 1 to 5, ¢ el pro- 
tected by an oxide film are considerably 
reduced by additions of hexamethylenetetra- 
mine to a 0-2N H,SO, bat change in the 
‘trical potentials of 
id 


4 rai 
rrosi 


ee 


as diffe 
range 
itral effects 


, with addition « 

18 in the different cases, which exple 
‘oexistence of the specifie and 
of thi tance 

Modern dew point control system eliminates 
‘in storage’ metal corrosion |.. J. Wing Mfg 
Co. Ltd (/nd. Heat., 1959, 26, Aug., 1576-1578 
A warm air blower is thermostatically con 
trolled to temp lifferential 
usually 15°F ufficient to prevent 
tion, Dv the 


if the base } 


maintain a 
condensa- 
outdoor the 
restricted to 65 
maAaX.; mane oO ol « 1@ svstern is also 
provided 

The interest of corrosion research and the 
protection of metals in the carrying out of large 
projects (. Chaudron ( 
1959, 7, Feb., 37-45 
metals and corrosion mechanism are reviewed, 
and the de\ etals 


use of indoor and 


meters 1e roon 


rmno- 


wror, 1 nticorros 


Corrosion research 


elopment of ant 
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and their industrial applications are discussed. 
Most of the cases cited are non-ferrous 
7 eee control — euneme protection 
\ ice and Peacock (/nd. Eng 
, 1959, ‘51, On . ah SA An account of 
» protection of tanks et« n the chemical and 
fermentation industri 
Magnesium as an anodic material for the 
cathodic corrosion protection of seagoing 
vessels A. Schwarz (| DIZ, 1959 > 808, Aug. I, 
1063-1064 wrief outl he principles and 
application of the techn lata of 
results obtained 
The effect of meats enatag on s tanker efficiency 
at na “ 4 ech., 1k 15Y, 


tO 37 t iow ne prim 


ANALYSIS 


Contribution to the chemistry of iron and 
steel: Qualitative rapid tests (1952 57) I’. Konig 
Thisisar iew of the progr rapid 

the iron eel industry. Not 
park te f i pectroscopi 
1 alphabetically 
Zr and include, as the nly non- 
tal, sulphur (58 ref 

Comparative analysis of onal irons M. V. 
Kuhn and 8S. Kyser (Fonderie, 1959, No 
501-515) The authors discuss the meth 
approe I sed in 


made on 


he tests are a 


, 
ods and 
obtaining results from co 


operating laboratories. They repress 


} 


nt collect- 
tabular and graphical form, 
‘probable true esult 


mnments on analyses R 


Trilonometric dstaradaation of iron A. A. 
Bashkirtseva and | M Yakimets Zavoda. 
} 1959, »), 540-542 Phe olumetric 


cribed using 


ed res m 


arri ny at a nd issue 


rrilon 
thiocyanate and 
method is effective 
mm O-l to 100 mgFe** 
method al 


ru iron in the 


0 allows 
pres- 
titrating Fe and 
ayain In this 
with sulpho- 
alone thiocyanate needs an 
nt in this titration process 
On the rapid determination of the nitrogen in 
iron and steel 8. Yarnazaki (7'etxsu to Hagane, 
1959, 45, March, 297. 209 j 
Determination of small anianaie of nitrogen 
in metals and alloys \. |. Ponon — and 
A. A. Astanina (Zhu inal. Khim., 1959, 14, 
(2), 234-238) N, is determined by distillation 
of NH,, followe d by measurement of the pH 
value of the distillate » mace lorimetrically by 
comparison with a scale of light filters 
Photoelectric analysis of light and heat- 
resistant alloys and steels K. A. Sukhenko, 
K A. Moiseeva, L. LD. Metelina, I. G. Tis 
a © Penkina, and D. G. Bakano 
fhad. Naul 1950, 32, 
1140) A des« ! 
to th 3] ‘ 
register radiation be en 
of this analysis of Al and 


of ana- 


2000 ar 2000 


The effect of the chemical composition and 
heat treatment of a steel specimen on the deter- 
mination of —— by spectral analysis N. \. 
Buyanoy, L orova, and \ = a 


Izvest. Akad rts 
26-1128) The 


if i 
mand wil 
that to « 

consider the chem 

their t 

H 

Organic solvents in flame spectrometry A 

Puschel and 8S. Eckhard (Arch. Eisenh., 1959, 

30, Dec., 731-735) The alcohol effect in flame 


eat treatme of the 


June 1960 
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photometr al 
i seed, with 
The diseussion refers to i determination of 
Fe, Cr, and Mn salt 
Investigating chemical non-uniformityfof the 
zone of the joint with electric contact welding 
by means of local sa ee om ary N.\ 
Bol mit b ! and vir fom 
Svarka, 195%, 
rovrawp} 
ms of the 


{ the 


carbo 
iffected 
Principles and applications of radioisotopes in 
the Czechoslovak metallurgical industry it 
jirko Si nil iro 1959, § n G2 


f radu 


discussed 
Possibilities of evaluating gas analyses in 
shaft lime kilns fired with blast furnace gas |! 
Stempel (Rad Rund., 1959, Dee... 693. 697 
Colorimetric determination of alumina in 
iron- and steelmaking slags with Solochrome 
Cyanine R P. H. Scholes and Miss D. V. Smitt 
JIST, 1960, 195, J ine, 1VO 105 This issue 
Study on the chemical analysis of basic slag. 
if. Determination of FeO, Fe,0,, Ti0., P,O., 
Cr,0, and 8. Determination of FeO, Fe 0 
and TiO, in basic slag 8. Wakamatsu (7 
to Hagane, 1959, 45, March, 239 240, 
SOS SIZ) A sin nethor rib 


ind FeO 


INDUSTRIAL USES AND 
APPLICATIONS 


Metal selector Steel, 1959, 145, Oct. 26, SI 
urve esernte ft POSO produet 
thir Miceleae 1 if ferr sand. 
etal Compositions, pica 
and American suppliers are included 
Steels tor prestressed concrete, their techno- 
logical Rng selection and testing M.R 
R Nechwe } eta Tc } , aan 347 
al denieens rt ' TT 
etl 


‘The use of coated steel Sheets in buildings 

F. H. Smith (Sheet M: 1459, 36, July, 

197 5OD, diser } plies 
trons, adve 
rties 


} 
oe, requirements of customers for rails 
) 1O54, , 26 61 364 


> ld meet at 
Ree ae 
‘Qugeeme mate in ‘the manutacture of rm 
I lu 


Struk am f nik, LMS! 


Journal of The Iron and Steel Institute 


Some examples of the production of files and 
of the heat treatment of file steel \. \ 
Shornik, (Osty 1959, §, (4), 307-425 
detatled examination is made of the tech 
md ometathur 

Illustrated by 


ndrasek 


practice, and 
arches on th 
Application ‘of ‘light- gauge Steel sheet and 
Strip in roofing, flooring and sidewall cladding 
BB J. Sha Sheet Met. J . 1959, 36, a 


truction are parti ilari tr 
Vitreous- enamelled steel sheets for curtain 
ae 1. Macarthur (Sheet Met. Ind., 1959, 
36, vy, 494-496) The anuf ire, advan 
tage ind uses of tre enamelled steel 
heet are considered 
Heat-treated a. steals he precision — 
chains (| : 4, 
$7) The pri 


chains and thet 


F Dee 
s part of rolle 
issed in relation to cor org nand 
reatment of the stee 
A comparison between low- carbon austenitic 
Stainless steels and stabilised steels for welded 
NEF in the chemical industry 13. Lothlad 
th (*/nters l Inst. of Welding, 
mbt enn June, 1958 


reported tye 


16 re ts 

Senteniion of shielding rings of non-metallic 
materials for gas « aod M. Kolpovskt (Stal’, 
1959, (10), 937) P. invil chloricl ety proved 
best for the protection of the threads pup 

Use of austenitic steels in the ans power sta- 
tion at Hills \. beng (*./ lurq 

ung der G shesselhesit 1958, 
255 264) An ac 
other damage ern 
und the 

Mdations made are en 

Rock-joint and sliding cnet linings in cast 
wen and steel I f, 1960, 96, 

! so, 145 164 4 ' I 


haft linir 


hapter 


Design, motetlorgy and heat treatment of 
cage and skip suspension gear (:. (). Rosco 
i> Elect Mech. Eng., 1959, 39, a 2 
209) I tion L inspection e melude 
Metallurgical characteristics ‘of stainless 
steel vor boiler tubes T. Yul t 
Nh, ri, om 
| 16-16 Mo Nb, 
ire aii insed hk 
Metallurgical achievements in evolving heat- 
resistant steels and alloys or gas turbine con- 
erection P. B. Mikhailov-Mikhe+ Tepl 
( }4)), chin ane 


with the 


illo 
High-temperature structural steels for the 
aircraft industry H. Kiessler (Stahl Eisen, 1959, 
79, Nov.26, 1825 1826) Thisis an extract fron 
thre ! a WW rkst ai it ibuet 


tant, 


Carbon steels for wrist- erg springs K. 


Stanka and © lodracek (H / , 1949, 
14, S), 6 ras w production \ 


and te 


June 1960 


ed, with special retfere 
in this field in Czechosl 
Recent investigations on thermo- ayy Hr 
ing spiral springs (:. Kru 
Wis Techn., 1959, 25, 


er (Schwe 


ane Bi vith inerease onte 
Critical discussion and — knowledge on 
structural steels used aed reactors S. Maverh 
; m3, 104, Oct 


itter mn? 


21S) Phe truet 


‘Steel and steel ‘products for nuclear power 
plants F. Brahland L. Schaeben (1/2, 
101, Dee.t, 1645 1649) The effect ! 


propert oft 


pV5o, 


viewed, and the 


reactor Componer 


HISTORICAL 


Bloomery hearth excavations trom the forest 
forge period (11th to 14th Century in the 
Markische Sauerland .J. \\. ¢:i! Al Eisen, 
1960, 80, Jan.21, 105 106) Historical 

St. Leonard: The tron Saint (. 130)! 

I cong n S 29, 1654 1660) Histor 
With an acco t of otive figures, tk 
tructionr and rostructures bet } 

The quality problem of Swedish iron dis. 
cussed by N. G. Selfstrom in 1830 Kk. Arp: and 
B. Boéthius (Jernkont. Ann., 1959, 143, 


SY 


The Chinese cupola I 
and A.M. Petricher / 
$7 48) Cast u wore 

nh the Villth conturs BA 

S000) SOHO rae and 450 JOO mi ( 
deseribed im some detail with s 

ind photographs 

The Russian cupolas at the end of the 
XVilith ane — = the XIXth century 
D. M. Model , 1959, (4), 42 
$6) A deseription Sy welietione terest of tl 
cupolas with some structural detatls 
‘Awire centenary | |! 1959, 26, Sept., 


S50 SB? wrt 


ECONOMICS AND STATISTICS 


Economic proposition for the production for 
special grades in a steel plant making mainly 
tonnage steels H. Peters (Stahl Eisen, 1960, 80, 
Jan. 7, 28 36) Internal accounting 

Development of quantity and price of scrap 
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New modular design... 


makes ELlectronik potentiometers 


easier to use and maintain 


Now, four great new features add new operating and 4 A quick-connect feature permits removal of amplifier 
servicing ease to all ElectroniK circular and strip for service and its quick replacement. 


shart p ntiometers. 5 , 
chart potentiometers Now, modular design is combined with the tradi- 


; tional precision of ElectroniK potentiometers, to 
New balancing and chart drive motors are sectionalized I I 


so that any major part can be replaced in give you a greater value than ever in accurate, 
two minutes. dependable measurement and control 

A new constant voltage unit replaces For full details write to Honeywell Controls Ltd, 
batteries, standard cells and standardizing Ruislip Road East, Greenford, Middlesex. 

mechanisms. WAXlow 2333. 

A new measuring circuit, with quick-change range spools, 

simplifies range changing and reduces 


a Honeywell 
Fut we Coitiol 


HOMEYWELL SINCE 1885 


1 Balancing Motor 2 Constant Voltage Module 3 Measuring Circuit Module 4 Amplifier Module 





THE SCREEN WITH 
FULL FLOATING ACTION 


Two bher {mounting units 
on ea | support shaft 
assembly 

j 
One rubhberenounting unit at 
each corner supports screen 


body. 


TY-ROCK single, double and triple deck screens 


High capacity coarse and medium screening with 
sizings up to 10 in. opening. Moving parts of the screen 
float entirely on rubber giving absolute freedom to 
develop maximum screening capacity. Massive rubber mountings 
support the shaft assembly, to absorb vibration completely. 
Ty-rock screens are available in many sizes with either single, 
double or triple screening surfaces. 

Send for fully illustrated brochure G 557 


ONAL COMBUSTION PRODUCTS LIMITED 


Member of Atomic Power Constructions Ltd. One of the British Nuclear Energy Groups. 
LONDON OFFICE: NINETEEN WOBURN PLACE, W.C.1, TELEPHONE: TERMINUS 2833 


WORKS: DERBY 
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BRITISH 
STEEL 


AT ITS 


BEST 


VE PRODUCE BASIC OPEN HEARTH STEEL 


QUALITIES CARBONS UP TO 1.0% 


DEEP STAMPING & RIMMING 
SILICON & SILICO -MANGANESE 
FREECUTTING 

LEAD -BEARING 


BLOOMS 5” up to 9” square 
BILLETS 2”, 24", 24”, 3”, 34” and 4’ sq. 
SLABS 5” to 16” wide x 2” to 24” thick 
SHEETBAR 12’ wide x }” to }” thick 


Other sizes by request 


For further particulars please write to us’at: 


JOHN LYSAGHT’S SCUNTHORPE WORKS LTD. 
Normanby Park Steel Works, 
SCUNTHORPE, Lincolnshire. 








Swedite O 


MORGARDSHAMMAR 


MORGAROSHAMMARS MEK VERKSTADS AB® MORGA 
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HOT AND COLD 
ROLLING MILLS 


ROLLS FOR HOT AND 
COLD ROLLING 


ROLL LATHES 
HOT AND COLD SHEARS 
HOT SAWS AND REELERS 


STEELWORKS PLANT 
AND AUXILIARIES 


34” « 84° Blooming and Slabbing Mill powered by a D.C REVERSING MOTOR 
having a working peak of 14,000 H.P. at 60 r.p.m. and supplied complete with 
run-in, approach, working and run-out tables, together with an 800 ton Down 
Adjusting Up-cutting Hot Bloom Shear. 


THE BRIGHTSIDE FOUNDRY & ENGINEERING CO. LTD. SHEFFIELD 


G.P.O. BOX 118 SHEFFIELD |! 
BS 71 
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GUEST KEEN 4IRON & STEEL F 
me A 





IRON & STEEL COMPANY LIMITED, 


east moors, GARDIFF. 


TELEPHONE : CARDIFF 3315) 
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120 Ton Ladle Cranes 


Organised to undertake a diversity of work, All type of Cranes for Steel Works, Forges, 
Arrol of Glasgow feature vitally in Britain’s Foundries; Transporters and Ore Bridges; 
expansion programme. In the design, fabrication | 2¥”*e"s 474 Storage Bins; Steel Framed 
3 : : Buildings and other steel structures ; 
and erection of mechanical handling plant for Aisdiatidk Miaitindnd whe Chains 
modern iron foundries and steel works Arrol’s | Agachines; H.P. Hydraulic Pumps; 
claim to pre-eminence is substantiated by the | Hydraulic Presses and Motors. 
many world famous names listed on their order 
books. The 120 ton Ladle Cranes illustrated 
are installed at the Dalzell Works of Messrs 
Colvilles, Ltd. 





SIR WILLIAM ARROL & CO LTD GLASGOW Ar TO 





HOT ROLLED STEEL BARS 


Round * Square ¢ Flat 
Ferro-Concrete Bars bent to Specification 


HOT ROLLED STEEL 
HOOPS AND STRIP 


Coils or cut lengths 


COLD ROLLED 


Speciality: 


STEEL STRIP VERY HEAVY 


in all qualities including CONTINUOUS 


Special Deep Stamping LENGTH 


in cut lengths or coils COILS 
Electro-Galvanised Strip 


THE WHITEHEAD IRON & STEEL CO LTD 
Phone: 6540! (P.B.X.) NEWPORT MON Grams: Whitehead Newport 


LONDON OFFICE BIRMINGHAM OFFICE GLASGOW OFFICE MANCHESTER OFFICE 


STEEL HOUSE, KING EDWARD HOUSE 50 WELLINGTON STREET, CHRONICLE BUILDINGS 
TOTHILL STREET, S.W.1 NEW STREET, BIRMINGHAM, 2 GLASGOW, C.2 MANCHESTER 


Telegrams Telegrams Telegrams Telegrams: 
WHITEDSTEL, PARL, LONDON WHITEDSTEL, BIRMINGHAM WHITEDSTEL, GLASGOW WHITEDSTEL, MANCHESTER 
Telephone Telephone 
D 


y Telephone: Telephone: 
WHITEHALL 2984 MIDLAN 


0412-3 CENTRAL 1526 BLACKFRIARS 1603-4 
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REFRACTORY LOOK 


cial) 
SILICA (Perr 


‘ du 
specially or" resistance 


ww fertting costs 


During the past ten years, new and improved 
refractories have been developed for increas- 
ing furnace life and reducing overall costs in 
the steel-producing electric arc furnaces now 
being used in many plants. 

General Refractories Ltd., are pleased to 


present their experiences and recommenda- 
tions for the lining of both large and small 
units. Full technical information is available 
on request, to assist the user to make the 
best use of the various types of products 
available. 


SHEFFIELD 10 TELEPHONE SHEFFIELD 31113 


th 


GENERAL REFRACTORIES LTD i 


GENEFAX HOUSE 





STEPHENS’ 


Super Grade Low Alumina 


Silica Brick 


FINE SILICA CEMENT FOR 
SETTING SILICA BRICK 


< 


STIGNIC CEMENT FOR BASIC 
“ sTEEL LADLES 


KILN CAPACITY OVER . 
Ii MILLION BRICKS SPECIAL FIRE CEMENTS for all 
GT cnineice 


STEPHENS’ SPECIAL ELECTRIC 
FURNACE ROOF BRICKS 


< REGENN' BRICK without doubt the best 
Brick for Soaking Pits, Checkers, and 
Regenerator Chamber Walls 


Stephens SILICA BRICK CO.,LTD. 
KIDWELLY 


Telegrams :—STEPHENS, KIDWELLY Codes:—ABC 4th & 5th Editions 
Liebers & Marconi 
Telephone:—KIDWELLY No. 1 
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(Photo by courtesy of Stewarts 


DUP AR can supply the answer 


Whether in Nuclear or Civil Engineering, in the Iron and 


Steel Industries or in General Engineering... 


THERE IS DUPAR AUTOMATIC CONTROL 
EQUIPMENT SUITABLE FOR YOUR REQUIREMENTS | 


COMPLETE AUTOMATIC CONTROL SYSTEMS 
LIMIT SWITCHES - CONTACTORS - STARTERS 
COMPONENTS - ELECTROMAGNETIC BRAKES 


DEWHURST & PARTNER LIMITED 


INVERNESS WORKS, HOUNSLOW, MIDDX 


Telephone : Hounslow 7791 (12 lines) Telegrams : Dewhurst Hounslow 


and at BIRMINGHAM - GLASGOW -: GLOUCESTER - LEEDS - MANCHESTER NEWCASTLE NOTTINGHAM 


June, 1960 91 





Fireclay 

High Alumina 
Sillimanite 
Silicon 

Carbide Bricks 
and special shapes 
insulating Bricks 
and Concrete 
Plastic Jointing 
and Protective 
Cements 
Refractory Concrete 
and Ramming 
Compounds 


D TESTED 


REFRACTORIES 


Pearson refractories have a great name 
for quality and reliability throughout 
the industry. Standard brick sizes are 
immediately available in a wide range of 
materials — special types of shapes are 
made to order. Send for full technical 
information and prices 


E. J. & J. PEARSON LTD. 


FIREBRICK WORKS, STOURBRIDGE, WORCS 
T e: Brierley H 77 2 


the most 
accurate 
reliable 
economical 
and efficient 
TEMPERATURE 
CONTROLLER 
in the 
world 


is the WEST STEPLESS 


trument Ltd. are ready 
to the metal industries that 


) extravagant claim 


ss E S a bua Arment 


LIMITED 
NT STREET - BRIGHTON 1 - ENGLANI 
a 
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High grade steels for the 
AUTOMOBILE INDUSTRY 


made to the high standards of quality demanded by 
the industry and supplied as Bars (black, centreless ground 
or turned) Billets and Heavy Bars to British Standard, 
Aircraft, ASTM and a wide range of private specifications 





ENGLISH STEEL ROLLING MILLS CORPORATION 


River Don Works, Sheffield 


A wholly owned subsidiary of English Steel Corporation Ltd. 








THE MILES 


HYDRAULIC RAM 


GOGGLE VALVE 


An entirely self-contained self-supporting goggle valve with 


% 


exceptional sealing qualities. 
Available for high or low pressures and temperatures. 


For further particulars of these valves and also 


MILES EXPANSION JOINTS, 
HOT BLAST STOVE VALVES 
AND BURNERS 


Write or telephone 


INDUSTRIAL & METALLURGICAL EQUIPMENT LTD. 
76 CANNON STREET, LONDON E.C.4. 
Tel: City 7072 





Mr. H. F. SPENCER — Managing Director of 
RICHARD THOMAS & BALDWINS LIMITED 
writes :— 


“Although we have our own fuel engineering department 
occasions arise when we could do with additional qualified 
staff. A Regular Service Agreement with N-I-F-E-S provides 
us with a call on fully trained reserves. 

In my opinion no business is too big or too small to benefit 


from a similar arrangement.” 


A, he 


CALL IN N-I-F-E-S— INDUSTRY'S OWN NON-PROFIT-MAKING SERVICE FOR 
ADVICE ON THE EFFICIENT USE OF ALL FUELS, HEAT AND POWER. 


For address of nearest Area Engineer write to: 


. Tt * ] > ] > - ° ~ . 
N/ I iH B BS) National Industrial Fuel Efficiency Service 


Head Office: 711 GROSVENOR STREET LONDON WI - Telephone: Hyde Park 9706 
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THE GREAT 
NEW SPENCER 
STEEL WORKS 


PARSONS 





PARSONS are proud to be associated with the great new 


. 3 
; a r 
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ee 
ae 
a 
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completely integrated Iron and Steel Works which RICHARD 
THOMAS & BALDWINS LTD.., are installing at Llanwern near 


Newport. At these new Spencer Works, PARSONS (through 





PAROLLE ELECTRICAL PLANT CO. LTD. the main 


contractors) are to install: 


Three Turbo Blowers each delivering 170,000 cu. ft. of free air per 
minute at 45 psig 

Two 10 MW Turb« rators passing off am at 175 psig. The steam 
onditions are (as on the Tu rs) 625 psig at stop valve 


with temperature 830 deg. F. 


PARSONS turbo-blowers & turbo-generators 


C. A. PARSONS & COMPANY LIMITED 


HEATON WORKS +» NEWCASTLE UPON TYNE : 


June, 1960 





Orkot 


rolling mill bearings 
save power 


Savings of up to 40°, have been made in many 
rolling mills after changing to ‘ORKOT’ 
bearings, a direct result of their low coefficient 
of friction. 





Write for full information 


and literature to:- 


UNITED COKE AND CHEMICALS COMPANY LIMITED 
SALES DEPARTMENT 256) P.O. Box 136, Handsworth, Sheffield 13 


Telephone : Woodhouse (Sheffield) 3211. Telegrams : ‘Unichem’ Sheffield 








COMPLETED LININGS TO 





57 BLAST FURNACES 
112 HOT BLAST STOVES 


58 STEEL MELTING 
FURNACES 








STAFF: 250 MEN, includes — 


~ 


TATTERSALL 
REFRACTORY CONTRACTORS MIDDLESBROUGH 


137 SOUTHFIELD ROAD 


100 FURNACE BRICKLAYERS 


Telephone 2320 
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Nowadays the chimney- 
stack plume that used to be regarded 
as a sign of industrial prosperity merely 

indicates dirt, damage and defacement 
If you are introducing the latest techniques in steel furnace and converter 
operation. or in sintering, waste of valuable material and severe atmospheric 
pollution are the prices to be paid unless first-class gas-cleaning and dust-collecting 


equipment is included in the project. 


In choice of equipment and in matters of detailed design alike, it’s 
no use depending on confidence and inspiration. Confidence backed 
by solid achievement is what counts. If you believe in the old adage 


that nothing succeeds like success, you'll not overlook this record 


* SIMON-CARVES built the first open-hearth furnace precipitator 
in this country, and are now dealing with a repeat order 


#% SIMON-CARVES are installing precipitators on sinter plant in 


two continental steelworks 
*& SIMON-C ARVES have received the order for the first L.D 


YY 
Converter precipitator in this country 
precipitator business for 


SIMON-CARVES have been in the 


over thirty years 


YYy 


S 


This precipitator was 
specially designed to 
deal with very fine fume 
and dust from oxygen- 
process open-hearth fur- 
naces. The large illus- 
tration is of the stack 


of a furnace with the 
precipitator switched off 
Right — the same stack, 
minutes later, with the 


XG, G 


SS 


precipitator switched on 
The stack illustrations 
are from  unretouched 


IS 


photographs taken by 
Simon-Carves’ clients 
For further information 
write to CPP Div. 
(J.L.S.) at the address 


below. 
tf) UU ffjffyy UYy YY 
HIGH-EFFICIENCY ELECTRO-PRECIPITATION BY 


Simon-Carves Ltd © 


STOCKPORT, ENGLAND 
RG SYDNEY rORONTO 


SM&8O8OKNRNAAAa 


at JOHANNESBI 





Fluorspar of high calcium 
fluoride and low silica content 
for all metallurgical purposes. 

Export enquiries welcomed. 


Guaranteed quality. 


DERBYSHIRE STONE QUARRIES LTD 


Members of British Fluorspar Producers Association 


BANK HOUSE, THE BRIDGE, MATLOCK, DERBYSHIRE TELEPHONE MATLOCK 741 





STAL in English 





By arrangement with the Department of Scientific 
and Industrial Research, The Iron and Steel Institute 
is now publishing monthly a complete English- 
language version of STAL (Stee/), the major Russian 
periodical in the field of iron and steelmaking tech- 
nology. The developments reported in Stal in English 
are of the greatest interest to everyone connected with 
iron and steelmaking. 

The rates of subscription are as follows: 
Annual subscription (12 issues) £20 0 0 
Special subscription to Members of 

The Iron and Steel Institute £1500 

Postage is extra, at a rate of ls per copy. Single 
copies may be obtained at £200 each (Members 
£1 10 0). 

Orders should be sent to 


The Secretary 
THE IRON AND STEEL INSTITUTE 
4 Grosvenor Gardens, London SW1 
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What makes #/s diesel crane 
better than others... _ 





[FEATURES LIKE THESE! | 





FAST, CONTINUOUS OPERATION 


ABSOLUTE PRECISION LOAD-LOWERING 
New power-low , = 
NONE TO COMPARE FOR GRABBING 
DUTIES 
grat F 
ADAPTABLE FOR MAGNET WORK 
CARRIAGES TO SPECIFICATION 
YOUR CHOICE OF POWER UNITS © 
TRIPLE-MOTION ACTION A Smith diesel 
weanling : and trav crane on grab 
POWER TAKE-OFF duty at 
Power transmitt t v in-Sinclair t ipling. ? United Glass Ltd. 





This is the Smith standard diesel 
crane which is ideally suited to solve the 
handling problems of so many industries<- 
engineering, iron and steel, paper mills, 
public works, railways,coal and coke depots, 
waterways, etc. Let us have your enquiry=- 
check on these features. 


THOMAS SMITH & SONS (RODLEY) LTD £.8°)°35 3 Ae 5 4 ek eee Pe SY 








Special Report Sixth Report 
No. 66 of the Corrosion Committee 


Phe corrosion of iron and steel costs industry millions of pounds every 
vear, and research on the best wavs of saving this money is of the 
highest importance. The Sixth Report of the Corrosion Committee. 
which was founded in 1928 and is now administered by BISRA, has 
recently appeared as No. 66 in the Institute’s Special Report series; it 
contains an account of the researches carried out during the past twenty 
years. 

The Report covers the corrosion of iron and steel in air, in soil, and in 
water; it details the results of numerous experiments and recommends 
methods of protection against the many diflerent forms of corrosion. 
Reports of tests carried out to ascertain the corrosion rates of different 
kinds of bare irons and steels all over the world, and of steels protected 
with paint and/or metal coatings, are given. 

Two other interesting researches described in the Report concern the 
corrosion and protection of steel at elevated temperatures up to 350°C, 
and marine corrosion. As a result of the latter, several reliable anti- 
corrosive compositions have been formulated, some of which are in use 
on H.M. ships and the “Queens”. 

The Report, which consists of 228 octavo pages, illustrated with 20 line 
and 21 half-tone figures. and bound in cloth with stiff board covers, 
costs £3 3s. od. (postage 1s. od.), and may be obtained from: 


The Secretary, The Iron and Steel Institute, 


4 Grosvenor Gardens, London S.W.1 














The Determination of Nitrogen 
in Steel 


Great interest has always been shown in the role of nitrogen in determining 

the properties ot ferrous alloy Ss. Reliable and accurate methods are the refore 

necessary for determining the content of this element in allovs. 

Che establishment of the reproducibility and accuracy of analytical methods 

to serve as routine or reference procedures for the many alloys now produced 

is a major undertaking. It was for this reason that the Nitrogen Group of 

the Steelmaking Division of the British Iron and Steel Research Association 

was set up eight years ago. The Report of the Group has now been published 

as No. 62 in The Iron and Steel Institute’s Special Report Series. The 

information it contains will be of inestimable value to all those interested in I. S. l. 
this subject. 

Che Report, which comprises 160 quarto pages and a number of illustrations, S p ecia / R ep ort 
is bound in cloth with stitf covers, and costs £1 17s. 6d. (Members £1 5s. Od 


It may be obtained from N’ 0 62 


The Secretary, 

The Iron and Steel Institute, 
4 Grosvenor Gardens, 
London, S.W.1 
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KESTMER 


ACID 

RESISTING 
AUTOCLAVE 

built entirely in Keebush 


This digester is designed to handle hot hydro- 
chloric acid and illustrates one of the many 
applications of Keebush acid resisting material. 


Amongst our range of Keebush standards we have: 





PIPING AND FITTINGS »- VALVES 

TANKS +» DUCTING - FANS - DRAUGHTING 
EQUIPMENT - GAS SCRUBBERS - STIRRERS 
REACTION COLUMNS - PUMPS 








KESTNER EVAPORATOR & ENGINEERING CO. LTD 


5 GROSVENOR GARDENS, LONDON, S.W.1 


Brochures or literature supplied on application 











RX ATMOSPHERE 
GENERATORS 





. produce uniform atmosphere for dry cyaniding gas 


carburizing, 


eA atl ORO BEM 


homogeneous carburizing or carbon restoration heat 
treatment . 
and provide atmospheres for protecting surfaces during 
bright annealing and clean hardening processes 





SUPPLIED IN UNITS HAVING CAPACITIES FROM 
500 cu. ft. per hr. to 6,500 cu. ft. per hr. 


BRITISH FURNACES LTD. 


CHESTERFIELD 


ASSOCIATED WITH SURFACE COMBUSTION CORPORATION TOLED® USa 
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COR-TEN GOES DOWN TO THE SEA IN SHIPS 


At sea as well as ashore new uses are constantly being 
found for SCW Cor-Ten. It was used extensively in the 
construction of this vessel for the Port Talbot Pilotage 
Authority. 

The Main Deck 

Shell Plating and Anchor Recess 

Floors and Engine Seating 

Chain Locker 

Fresh Water Tank 

Bulkhead Bottom Plating 

Rudder Side Plates 
—were made entirely from Cor-Ten. A typical example of 
the growing use of Cor-Ten in marine construction, and 
in other fields where high yield strength, together with 
outstanding resistance to corrosion, is vital. 


COR-TEN IS TOUGHER 


Weight for weight, the yield strength of SCW Cor-Ten is 
50°, higher than ordinary mild steel. 

Alternatively— 
Strength for strength, 
possible. 


a saving of 1/3 of the weight is 


THE 


June, 1960 


SUL GOMPAN ¥ 


ABBEY WORKS, PORT TALBOT, GLAMORGAN. TELEPHONE 


4-6 times more resistant to atmospheric corrosion. 


Highly resistant to abrasion and fatigue 


Initial costs are spread over a longer service life. 
Maintenance costs are reduced. 

Operating costs are lowered—in transport, pa 
bigger because of reduction in tare weight. 


vloads are 


Please write to wu at the 
formation or for tech? 


addre Ss 


ical assist 


below for further in- 


ance in the application of 
SCW Cor-Ten to your product 


SOW BRAND 


Oriel 


RAILWAY ROLLING STOCK. AGRICULTURAL AND EARTH- 
MOVING EQUIPMENT. MINE CARS. POWER STATIONS 
INSTALLATIONS. BARGES AND SMALL CRAFT 


Y WALES LIMITED 


101 


: PORT TALBOT 3161 


The Igniter 


Sinter Process Control Desk 


The Sinter Strand 


SINTER PLANT... 


. for it is typical of the plants HH are building for steel- 
works at home and abroad. Each one is designed to make 
the finest grade sinter by accurately proportioning the 
available raw materials while keeping running costs down to 
a minimum. 

Built for Shelton Iron & Steel Ltd at Stoke-on-Trent, this 


plant was designed to suit the particular needs of this well- 
known steel company. 

Associated in the USA with Koppers Company Incorporated, 
our other specialities include Ore Dressing Plants, High 
Intensity Magnetic Separators, Herreshoff Furnaces and 
Badische Turbulent Layer Roasters. 


CONTINUOUS SINTERING PLANTS BY 


Huntington, Heberlein & Co. Ltd & 


Simon House, 28-29 Dover Street, London, W.1. Telephone: Hyde Park 8191. Telex: 2-3165 


Commonwealth Representatives 


HH29 Simon-Carves Ltd: Calcutta 


June, 1960 


Simon-Carves (Africa) (Pty) Ltd: Johannesburg 


Telegrams: Innovation Wesphone London Telex 
Simon-Carves (Australia) Pty Ltd: Botany, N.S.W. 


Simon-Carves of Canada Ltd: Toronto 
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Feed Roller table and patented hold-down. 


Pneumatically operated measuring stop 
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